<l»B*Httft* CP) (12) ft £ «F «= 4> n (A) ODWfflftm 

#^7-507472 

* 1OT * 2 ^ <43)»*B W 7^(1995) 8 fl24B 



(51)Int.Cl, fl »IE4 if i*rMI?#^ F I 

A 6 1 B 10/00 T 8825 -4 C 



(21)|fl«»^ 

(86) (22)tfi^e 
(85)i!RS:fl|lBH 

(87) ©&£;&fi#*f 
C87>fiORSE4>H5B 
<31)«**3S3B#-Sf 
(32)fltfcB 

(81) Jg^® 
DK, ES, FR, 
C, NL, PT, S 
U, J P, KR, R 



4*8^6-501728 
¥^5^(1993) 6^ 7 B 
^6^(1994)12^ 8 B 
PCT/US 9 3X0 5 5 7 3 
W09 3X2 5 1 4 1 
^5^(1993) 12/J23B 
8 9 4, 2 7 0 
1992^ 6 H SB 
&m (US) 

E P (AT, BE, CH, DE, 
GB, GR. IE, IT, LU, M 
E), AU, BR, CA, CZ, H 

U 



(71) te^A x.-vt-^j- *-r v^>b> 

7**J%&&m T 7->>h >ffl 98195 
40 sf-^-f— X f^;Oy 

(72) %^# Ay^7> yiJJP 

T^UA^IftB "7>">h>*H 98020 
XK^>X XK=E>X r>x< 22933 

7^UA^jRGQ C7->> h>#f 98133 

-fe:/>X :7V-rx 1647 
(74}«SA &m± %m tfH«) 



(54) ^ttH« t 



(57) [K»] 




ttBlKffiNlo tt»-c * 5 a e ft © fcf bB iK <z> *j MM. 
»£UT#S4Mfe*JfcttL/C.. Bft&j|tt*i N ^«tt#B 



Iflf * a 95 SS 
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ft*JH*tL. 

£ & a l x w- ta <t $ n « k «c * w . 

A n £ JABE L t#;ot s£i*f ft« * f» . 

7**i/x*i>, np„. bpd, y/i— ^ *> 

J: 0*4ttfr6«tRt4citft«it««*a 1 1= 161ft 0 ASK f£ttflMMtt4> 

<b) tt*4£ifoSr;:ttAU 

Cd) fta^&fbftft'&fll J JpJ3jft«7 u-A£g#Hic&fjSLTa#**#* 



4. A*OKK<ott»ttafigffl45J:tf|*te^4«*^WKfl|fl|-*'6KSfci) 11 

<b) aBttffi© K^tfff^^u- ah £ Lr»*££ ticca? i^-Ayij 

<c) m#©'**^-r it*ffiALXrt£«*J*'M«L. 

<d > f£@aJffia>-*fl5iS:<?5 7 i^-A*i#HlKai Lt»«4 £ fe£&©7 

a n z (&m t r at©^ <t« £ » . 

4 * ft * * £ S K J: o Tr*i £ S *f £t* BJt « C £ *«*£ * * 4 1= 

(i, 

<b) -a ©-7 i^-A*3p«affcLrMrt«*»«-*-*4fcticcoJ?iii!<i:«i 



(d 5 MieW-TbaftA&ftMSffl J fc-fctfUi 2 7 i/-A/< v 7 T *'&OJfc*Di|t 
^(tftt ^flftLTfll 3 v ls-A'<? 7 r IC£tt&4x«S#ft$&Jft 

u 

£r«m*a5 icEtt©3£?5ei«*ei«<o»siifcAur^:4* 

t. 

ca) r + ore-y^(s^i.»i^6t±i Alitor faytfftMtMi 

<b ) ~S6©7 k-A-£^^{tLTiF^fE:«i|(IDft«-Jt?Ja-<-i ii feKCOW 

ftii»A^&CT-?tii! i 7p-A'<77 r i^sewf'&^ets 
< c ) s^^osiasnfty -^^ ^ftna-F-^ 2 7 v-a^<^ 7 r ck 



Cf > Bfrsa£»**y/7-fF^<t-ri^Ri, 

Cb) ttHBttOf f?Mltft-«0 7 U-Ai LTTW4ii(>KCft&7U 

-A?tj^ttSt-c¥^ffciHB5*t^, 



i=»wr**K *fc«a4>*K*fli*n*»oojijrric»*jflLiLTi*«rB 

- /. ?4 * l r ip. ent m w * » v 

»* , rois*w*j:</#tt«tti-caiaL.»*ffiiffiii5i^^^ h^<o«i(4t9m 

Cd ) i£@fftt$>~a<o trt»t*(07 u-Ajdi- LT*»Mlc*i U-C#*£ 
<b) <tm*tfilffKtf:AL, 

c c> *wmm<nvrmv$L&\z*\ l nx. «t©* 

K -t T Ji IS & C t £ fir & 5fc 1 5 » JR « 1 2 K J£ tt © & @ & (ft {ft B * 3fc * 
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* SiJffi L r ^^Hb * *i MO) tfe *|# , 
(c) it?ULTrtffi{H^«iL, 



"flam 

18000 r*4(Beren3 3?. 1990 i£> 0 C OKfffiflf^ till t / 2 fiJBtfe-C* 5 . 
AAiO«!t|a«*OlIia!«40-55Jft***iEff(W-tr*»)* — M Hi 

jS«J3Etf itt€a 'KW*&8m^Stt6lzt*5fF£ff«(itt«0ff#ttfll 

*EffTta*p.cn^*af-r?EK;S-&S0O.O00OA© ^ ^eomi'25J«. fll^, 125,000 



AJSl-biiflianiEp-tf Mifflin*. ^©^^-^fiJay 4n«fioft!Jffltt«fi 
C©^^-^IiK»ffi*©(il4:20~Zfi?S (3O.0OOA) «.«*.*TfiJlf t 

mm m m ft &m * n x k « *t- * c & t * , 

LTl»«, C«n*4¥-^B5<0»flfc^(iK«^iH«*jt£ CMR f ) *±lfz> >ti 

*KflEBf *«Jfr«r«itr 2 — 3 c m Kfi »J *«tCD C i t* WW ( 
Kelly, I990fp) KJ:»)S4ftTli5 t 8E -a «S«DffiM 53HEfS8tt«> 

S(inflE^tcfift£^«a«&e*r«niEH9«ffieia&o4iff«tt«««>ftiB)i 



© ?V f 4 « ¥ H? * & ft £ f * . 

»4*=, i&n t*K* >zfV >if[z fr&t, MM* ^t4i, KKittt. -eras 

4.930.516 ^tJtntf. ffittffl*T(4. jEUttt««iJfctt LT«*ontt** 5 
* affile- ycflfffiisscays. C«D35F(felcJt*U**«. CUV) Jt® 

Hit, ff^xci^ficEM^iRf^Riti. 

|=J: ffi (5 ttrf-lffi <W*.i:fnMl&£) left ts ^cwwe 



?IS+OE EGttfJrfcliJKKOMliMT WSriitfiCLtfeStn*. £ 
ntlT^AftftOft&fl0ft«/i«|tffi«l*l«»-#**fc*il=K**nfc. EEC 

2L<«6. 51= e e Gisssizi tr- * sHtrnttiftefitie 

tw-sj^tt) ^.wfiiafciciest-ciEflrtescKmttOT^-^taaLttvi. &k 

* fc ti«K L ic UttjgO «** ft£ « * S jK * ft li««<0«7*f m 



ftatlifll— -t A- U*?/HciS^, y^X-J** CBIastffrl ) *J;^*t CSsliaa) 
(* -f 7121:57*. i&80fp) l±miZ-ffl«>Sft«*m^T»W*^/l,TKH«*K 

st^^si-ra* *t>(c A^«at«}u^!=j:«}ffedn«^£:(>i£tHrttf& 
tt*BKtt*)ift#&> sfcf* « fc (i f j * r $ + -f 9 m utct ii'x 

£ iz H «a JS *!r 1C S L T U tt0 S« «l J: ^ T *ST »«l IttO te CD K & K 
*fc. iSffSOO -TOO nmO*li*v^iA-o >ig«©tm*K* 

& » 4 ffia> s & tt* + >^ -e r o tr > i -p* 4 s - -v ^ r d t' > t <ovt 

-/v (Ts*o> -9f C^<jl> ^249:417, 1090) (CCD) 
fc/irtd, 77 <T5*o) «ft4«afc*>30»JBtJta>§»m«»i[=S-,rflt*Wfl;t 



* u fc tt « a-woteiRi pjit t i9 * ?;«fe€£.5? t r * * 

t iiaa ni&« & k « t z wis n« teB*«a4©»iitiBwi-#-«c4*fc#*. 

»>. »fia»^ftt4«i, tfctt«£KrtS»%*lll*Hftl4#**i£|l(|tt 



A<*S„ t?j>teftttii<r > K > y 'J — *? , ^ fUi IE <. Gift ft 16 jffi 

W« ft gtt«ffl<fficD^»«?j 



«ur»fiia«t«*t4citt < tt* e« kg* a u 

# «e » £ » «t * u t» (i fie t t fit jnmtt & «t # wnanst© «i jtmi * ei t* ic «ra 

at i <o&wm<tm. » s w*t*u i ^^^nnt, * z © 



sfi.fcft?>**»«jE 7<:t5. fl=s«(a:tHgai'*-5Jtife»iitt«fl.twj5(ttu-*K 
was: n *itafc*- a ^ r ma- » © t A,&A,ism*m ft l tz . 

KI 1 B fi £33 I AiZK-t A ft^ 1 fcj;t; 3 -&W«fit*m«(Z© 
W«t**«es*ifc 4 owKiiatWI^f (8 in A) t«^T:/,)i^R^«(D^«-C 

(SWiiliffilBL, 4 ftf3i4 WfltHr±twfirJir6. 4 ft ff> 1 f*J©£<tfle(* 4 ft» I 

E9 1 DUES 1 A»;*-f4 A» I tfitf 2CDfflIUJ«*irijitfi«ttttW«ltt«IiO 
KJtflt («») *-7*d -/ h L-C^fo Cn5 2 -P©*«*<av'KiEKLT^*K 



« -c « Mt * nfc ^ajtJC /b co ffi S) (a Afe a ^»R«<d jR^ u *t * * H ^ o » te * ® 
fr 4 & 5 m ATJSfcJtWfcliJ: ■> T«?E &nfc7t^^<t*^-rT««>H«l<!:)ttt 

4 c m4>& ^1". 



4) . < f>A««H^s>t'(0fi»acfinnft¥tfeoA-7*s. AS* sc ft©** a it 
c^rt-w^^^^t- y -xr-^-ript„ /p-f-x^-A-js< <d* suite 

ti t>ic5i**<n<o±Kiijt.jL^^»« u % u-c mitt JWBjM'flit* » out 
we ts-ir?. hht*- ; >rttf7<iHc«mo s o~ goo 

*=* 4 -jffi<Z>tJjtt:£ + - a >^t-S) 5 >y><? ^< A-CJfe*A<R3 

-a«*t»«;4T*S, HAJfeJitfBl ttAffl $<W-**- 

-^(t-p*f), £Mi*ftgnu ±mitmffi. Tn»KaAn«T»« 

BI, A 2 fc«fc(/B 2 a> 2-3<QSflJ[icn*«raa>«tH&*C*4o « 
A 1 fe.ktf B I OTHfi»OXV-;^<-m Umit«, ftAl JCfc^-C, 6 
^trttLfc 4 n«U1B»*miBHiicjL4«K«qtt^J: otalKSft C 1 > , S 
C 2 > , *^rffjt-8roca J » ( 3. 4 ) J3 «t (1 1, 12. 17, 5 

-fliltt) iBrltJ&jjt^* «A 2 (i I o cO S ffi Eb « ft CD & St O 

^^K«*J®(RT*4 e ffcA 2tf>eM^i>*l"('-7.^-;t./<-ii{ftA 2. A3, 
B Z ±i*fc B 3 \zmmi-*>1iJ- 3- KOtt*IWa****iji-rp *A 3 ti I -3 
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<a#B«r3*fT *tf-^jfcgt*£<t©«^*rr v ^T?fc4. *KM*fc.fc 

**< ft K0F*"5 AM itSfjt. ftB 2 I± l oottlg*- £ 

ff f R <Z> ft Tfc 4 „ «D 3 > V? * ? (pO&Ke 

07 li-&fc*tfnfii81£$f*43j:tfBroca's fc«-e!*»$ftfcAe>&St<D$''<<' 
J w * **tt<fcffll*nfl:i — J; St-Ta^ h L-zm-t* C©13 7 tw(l 

> 3 + i ^taa-is*- ; >rKft^ o e k^t 4 

Tlfflift/cSgJgS, «A 1 teXlt B i ttu©ffl««*$W«tfflCfl;K*:?o 

v hL-C*-#-„ HT Atta-3«)SB«Kff*BIfll?ift*n* 4 2, 3 * 

13 8 WHtBCfcAoarwaiH ClTcmtcJie' s irea ) CfiBtctXHlo^t 

' ^*^t, taso&Aiijc^-co&RKaDtmu, -t<oji«sti^etimftjf±2feffli((n 

+ «*Jtffjttfa$s CWirf> *-Aft(*c«tiR#o*ItM»07o^4n 

V ft & H tzfk.%0 7 l- 4 - * * - A* © £ # ffifc O s|- - *< - U A * fji 

0 9 tiWernlcke's area CffSfflW) TC»« * ttfc A*DJSK© ^-f 5 y ^ ft 



EIOA±fflI£«W) Cfai>t, #H*Kl= J: tHa±icB*»*iftJtT5 

Stf-*-*a6<l£»&'£iBttT6&. SHOD <-f>K^r^>^ 
J Mg/kg) fflttKi£AKli»I5»tt»Lfca»** J 5?+. H10C < 

rm&m ten, »H«AK»t«:3D&iiji^r2#A«#t- • tt*«iOfloffi«(± 

iv) *Tr-r-B.»*«>acji^&wfc i,®-?**. sua (±roatiH) 

0««3*Sr[* Cft»l»^Krft ] afJlT-tg *ft4S?fig*7-r J: OEdhMt HbflEItlT 



«ISt^OT!ftr4»mo^-f -f 5 ? X£(3)t«-C** CH11C»!H^ 0 H1LC CTW 
A* 10 J» (iBitfe«ISt*m«liI5I*fi, S«fc«>ttlKtfLttf=*^T\ ift«*^ 

6 fcs&fcaifKttSB^ii 5^©KKW|i?it?f -5. EU2A C±fiP^«) li 

fiaLfcS}}»tSU H12D <T8l?e«) <*fttti£ A. tt IQ# 

Cft$ft»j£Att9S#(|lUtt«|Btt«J:Cf£ffr£aitt4>|R«$d-c»lft 

W ffi A- AC Ifiig ft f}< If IS S ft 40 4 C 4 * 
H13UMR I J: 4 fa a > l-fx ^A ( ^!*lSfttv.^*OIf**«t5Ufi 



«*ftt*rtii.^E cwa*.fctfifli*©ifoi*ii-jn::i-s-c i iar.iaucr.snsKPi 
35Sttte*a«t> tLT«Bt*cts«T«i, EaiaAtifl-BKi&roru-xy- 
/m*a%i-. Hi3B(ias«a:AW«tt»(a*)Si-* &H3cuffM.P!gitt&Att i 

s-r. wW«6*«i*c*ott«ic3e»<iinaiics^TfSrtsn4. bio.ii 

**4-.Ti»4, Mrfi«raA<aQfiiiic&fflicftA**i, -.TCidHiitna© 
^«*8Bic«HEBfM»<»£fe^*6« tfMHi«Wi jEWt * * . 4 fttt 1 liJWmffllKtD 
fc*.ftl*J:K a * , 4 ft 2 li Hi tt'X BIKI Ji<= flt < . K 14 B tt-f > K •> T r_ > r 
'J — >*WA<Kl=4 : .((ii|Jua:A*<lfcttt 1 ttttifl Lfc£i}«-C* 6, tt!**ja* 
aCffi*iifcm««iaEtttTetfe*=flAW* J; HMCIifeft&Afe 5 

>*.g>9 4 + = v ymSfrttDIfa. C«IB«1±H14AA*6 4 fttt 1 fc^cX 

2 1= J: ^**n*ami!R«^*Kiii«m«awHie«iJpjii<Die(tiftospiS3Hi*'r 

KO(W&T*S. /-;7 " (MB (iElUA^fcW ft; 4 ft ft 1 F*1<0«iRSE{t 

fl>y^i7?xtrnyhLT:SL. ^77 ' fiB S fl- I/ft ' WtBJ4A^&Wfc 



RCEK^y* V- ; »lSAIifl-B*(ieD*'y-*.!r-.yH*** 
CtWiHi4ICjp-fte±ffi — «aw«T*4A<, MttM<atFU££6'£M$ 

ft** 1 (itt*J:i=B#, 4 tt*>2 (UtS&cDJSeBlcK i , 4 ft » 3 ttiE«tt«l«± 

Hi6D i*»MaAat**irn 4 j; cf 3B»o« la «£B met 

C n * © * W»-e (i Sfett (t iEtt tQttfc J: M 95 ffittffl H # fc ft * * . 8U6 E fc J: 

cxateF a** n-en i *y touts Ltctts 

tottaa^ttatt*&&IWft.bi::4 9, 4fttt 2 t£j£tttemtt0*£a6flUfi_h 
&:&■•«- 6. ru-At-A/<-ttfi»ttojt9l|Eft«)It*t. GD18B. BIS 
C&£{FBI(8Dtitmi*Itfett&A{fc4 &.30 »*J i ^eo&tt* UfcttSttHdoa 



tea* W«ffiWft^«^E]«3E«U<r0>^i£jW&7cr -r h Ltipt. 

««• (iESJ8A^&W^ 4 Aft i f*jaUK£tt«>r-r * ? ^ *x*-/a * h Lt 
fjftL. ^57 ■ttffliE'ff* l4HI8AA>i^W/:4 ft*>2 rtCDttttlEftO^^ ^- 5 ^ 

am ^ a fc i» « a ja o jb as 

*fc(4M«anaicg: ^rao*4t* a-scnKKi* L»***«te»Bl*«« 

T*St*— 114 4ra«<0«B*H) lift. f-f+A*"- K •> jl T 

L-? hp^^t>7M i.a-c AttScoc O H U65Oa«7M0>Kv ;x*wt5 
COHU65IOCCD»fi^/5) ilfS. *a*j(5-C(i. TtPyiJffAD 
I .-fi- K CrT-o/- fx?**- K) t: 8 ETy hffl(Cf*v?^;Kt-f -io ftteffl 



, Sun SPARC tfrt-* I SM PCSo^^i) i£*0*aiHm 3 y tf ^ i 

tie ;<03 k-> *7T"f x~^*n, a-^f- 

^B?»ffiW»«« (ALU) lHK«gT?»tfe<0K««iB«3t (WX.MT, ft , 

mwfa^isai cccd) ^oaagfcmv^n^^ffiflsv 

IM tt^P ^ ft M SB « t, mm IC * TO ft * tt toft * to * ± ft; tt *w+* 
-Lesley PubHshins Co.. Readlne, 1987) tc j; ^> T-!ftFcfl>tf>iS»m(D$ r4Wtfe 



ft it V V - A ± /i |± 7 1/ - A H L X <t$J »ft t 14 ft ft* S: 

Wlgb x H y?/-Wia tt 2 r><Dj& <m- ft) -/ L-C 13 ffi*> 

T^fL. ffii'fitt 11255 l^v-y^L, <WHI<Ditt KMC 4 J: 3 IC 
WBt M li ft v 'iftt;: * „ 

a*sz2rffi«9J;-9 is) «©3>hm-tMU ft* L S vmul t, tt«*9 

II A D I t5J:t;/±/:ttALU^- K-CiSflticfl L*C»» 
/<?y^ KJ: -aTttffiOttftfe <H*-lftt;»* 315. ««Sff> t^3i'4« 

m * <o at be i i f 1 9 to w in « n at m % * i c je tt w + s <t * t> t = f» © ® * t « ^ 

#T?ft*. CCDB*liCCD+**J:©tt4*®«tlJ*T'"ca»K t«Tto/ 

tb 77 li c n m 5 *i 5 * & tz je it -t * » 
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H) if4. 



W>ti*, =f^'<v ^9?!=^* "B(aEKfl>#^»-» * ^-^^5 7 -c 3:10 

HftdtifcttRtiWttiiJttfttKRltOfttWWttO* MK««B 

ffl^5Ci«<TS5, ffl<OTT«!lttSftl*Kli* WAifx h 7 *■ ;P 7 -f V >»« 
Me (HPUl 35'4-«*Sn630 nmTit*«« , r*'7+ h? *) >@, 
f il» y d 7 •V >-3G (NPe, . -tAiXbo^rlfti^^ a ^> , K>'/7* 
n> 7 ^ ') CQ P ? * Wit '< > 9 - B C ) , > 

>5y7 ? K77< A*T-«I*+*. ffitira^tt, mttfcfc5t»»*7 t 

ffii£afiElSjK (Lantido. inc.) ic J; »j *t4 fcT~ A X*/ 'J * tiSift L&o 

C95 nmoOPV^'-X^^ rt/ ^ £ ifi i0 "T * 7 -r < * 5 «4ttte«tttt^" 

So 

I), Cm-JL ^Tfflitf«*R SIT0 3>ty'/,^ffll^7l'-ASfc")51 

C C D -11 v 'J ? Fxf - h ^ / 5 (Dagc-MTJ Inc.- i : s*f> x-r-f -f > 
-f--^ 7t-> T^O , (ISO loHCOH UG500 (COHU, tVf<i^ # 'J 7 



ttttLCn€ttaUTi!lJtH'£ttfB*»l«'#-*Jfe*rf*X <*B) T**, :<07 

- h?ru- Heir. T4» fflafct*** 

a raw* in (rtD/tt^ci/K^f^^iKtifto) *yj«ffi 

i) rcow^*-F-y ? wbua^TT-DyicftttLa^^^y/Wtifti txft 

Tff^ c tA<x*4» *«W^-«ttWjttf?J5B*flkii:7- ^7 , ^- hti*, c 
fc tssc-cD'B- 7i/-Ai:*y? fc«t tf mstt&wttM^istt'r * - 1 k * x&.& 

»*(/*»;o5ftt3|iKi<LJfln««=aw*wi=B«[tTtstthi«r* 



Iberg « -fi>?^il<7-e >7" IEEB3>t a -^ v * -f -r 4 7*UX 
, D^7'J ; ftij7*AiT, l990Kl2tt$ftT:^4* S^Ktfc^-tf^ 

^ tt« (4 * « w « jc « l » ft ^ * 1- r 4 iR k /b i > 6 n, « fc <£ iit^t « » 

-r-7tr>r*^- /<^~>isai, mietts «9-6gh\ imm tittts^m 1*4 

H ^« t a nj l x s iw tajfe ^ ^ tft * eoiiaia ^ 4 h « c ^ rrg ( - « » 
t4„ 

ft £ (5Itt £ 4 £ "C * 4 . «<OifiSJiJti ^Jflfe J; L*q:<ftA*£3; U 
»4 t)OT*4. I -3W«t^JRliitl«'OI5Rroj; -5 icMKffl** ft/tHlffilttT-fr 
>^«i K* jt 7*BJELTm#©UESfl>«i.fcfc.,T* / 7©81Ifa<It,#ft4<fc 
->lc-t4„ fl&OKttmtlM*miB}ISicJ:«Ki»(I0a)»«|iigK«jttfttMmtiJ: 

#*4. 

tf«Btt£t-4jBRa<*4. 
J: 5 *=y <2 *k + 1 ) + < Z k + I ) © § * t c*f L , *»X*fr 
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C tr*4 0 (2 * k + 1> * <2k+l> (C«U 51 

2 * 512 

£©T*=rij xA<owsjrj;a»(4, s««*'«»«i=jy uaa*ut*ift-r- 

4«4*&«>4>K4>jEK (HIS. 8x8) £0j£4rj:gSR(4 (01*1* 9o©t£g« 

j)<*4. MW0tflDi:<oH8»-#-*ttBHKa[CHLcni/h»tttta«Bfli*« 
Unif 4*4I*Si3i£ <W*(flOS*) fc***-*,, o 7? £10B*K**-t 4 SJ 

ft*atRt*. agWIi^ttt^^-O^S *r*$A:»i N ft*0#R*i84R 
L(lt4 i7lcl«fff=f^t4^BiO*4^ft«)|t#^Mt«Hi£.fi-Cf ( £i ( s g,rt 

«^0^*»tt7 f-4/< ^ 7 r fiitf H^iWCWl, I OtttHt-*** m 
>e*-?CDRAM Cfittt 4 C t >St-C # 4. 

T:iSjWA*fel;, 3a^ttii»«aa3<03ifc7c«ftt*,i&C4. IRMN«>«»ftU 
afSffif*: cn*Ha®ffi;&tt«*H*S> 4 ci *>T7*4. 

T^nrkr^*«9(t*g^fta¥R*=iftit»g»fti-*. r-^tw-rAwt-s* 
A-S^eto i-3ii«wt^« i^y i5i «7*p<fer7-, -f y 

r y aif — X. — iPtz-^aj*, 7 A- > 4 -f'jy-O T? * 4, 

A«<ff«l±T-*- -r *J9i\nK > ? — + U ? t*f*<r<ftgl*T 

a-s i#<di*b:i /30©7u~a&s: <«*.i«qh zttit - tr 

f ) TfrA*4«|jfi*»ftt*, »*?<o«ffi»ct±, H#rcfti3 

ittio mt-tt. 8lffiCf>/Pi>-CCOfr6ll»51Z X512 «Ut*U-C. * 



T^yi,y>7^f-7'/Kff)Atf 1 CH150-LUT16. 

«««>«*»att*«iat*^*i»7U-AO(|H*fe#KH^Ttti6 4J:^*c-f* 
* iiRSnft«**«0**ttliCHt=fi-9-C*|tat'SC iK:J:*«ittfl»#i£jL 

Lf:&{««r. «A(f®»05J2 X5I2 T W i LT«*>3 n*f*- * *9&©7 u 
-AHT7U-A^7t, »Taf-(iCPUOXJ»rtl3iettt4. SEJR(i25 

lis 8 tr v h«±-CR*5*n4 0«3jiJ!K«-^t- 4«fflS*lfc($7 U-A^Kift- 
4T+iAU — £ itS^^'ITiST-Ai. 7U-A/<^7t ii— IfO^'Xffiit / & 
,J 4t5. ftm^ail'J>tt< i (,3o<)7U-^<,7rtit, -tOo^cDl 

v>,<^ 7r li Wfkt4MfttfJ:CF%iOl|tnaoffeAft«Settt-4« 
S i (C ffl fll T*a li I a ±<0 7 l, - A, < , 7 r i= 1 4 f - ^ *^ * Krr« W 
tttefc.fcC/J»i3r (AND, OR*) aiJg«-mt41t«5ttffl** 
■a-— -y h (ALU) (WAlf. ALU- 150 ^i'7*5-l'>7*ci-b^^) 4-*t; 0 

a Lui±«ai7*ti*yy-4r* a ALUtjt-»Tit«*Bnr«jrt«fl:t}T7. 

If. fffc4c«*f4-Pi;^/HtatA L UlcSKi£4i t Lic^^ft^ALUIC 

iiastf-cftur-rsct ict o 7i/-A/<» 7Ticta«tt5^^{i;iMiBft)c«r 

LUlCi£-,TA LU*CJ;»3CO(5iR«-IgK CHJ^, «<0tt&> t«fe»t4, AL 



*WA77i LTffll*Trttfflfttf)«4fi^-tt-* J; ? (Cf *. 
t4, 

*4. I o^lSISI^-f ^ v <>*150 RTMp-150 U 7/1/? 

$ *cus#ftiiftftft4> tx h ^7A(*d« («jiar, tx h ^^a/ 7 < - 

f^iT HF -151-1- V*i>* — /U. ■< y—Vstf y a 

y-. Woburn. * k - * v '/ ) ^> Tfttti****© 5 v *©EBfc: 

H;>Xfir7"a-f 7r> y X h * > K 7-/>7tAK, ia — a- 

, a*>fto*wia*wt4e*^*sr4t i <>iccn^*7V;a*«a-c4c a 
sic^d ft^a«j:&ft/httmQaiantta &±vut hxh^^A^^tc 

6£^<*-; »*-«iHtH±i=ffl^«*4:7lct"*« 

Bjv*4 F+if-x <^xh7>>h TiPf-yy^r 

KT^f 7Dtvt( MVP) A<Bi trf*fflfcK*f LTM»**IT^* W MV 

4i^K«c«»>20«£EJ:<OR I S Cfii»*^(4t L»4 i-5l=t«« W^Jiv ^ 
- KOi/IJVME^X'vO'f ^-i* — 7 * -X^rfft 4 7* <J > hEIISK^C — 



5 ? ■/ ? tssk^w« j: ■? smmi^f-AttWJttfatw. cry 

-C y i> ? >) „ **&J3* .fcCf h =i > ^ - * u*tr* i 

KO*tRA4:iT**, JKW#- KliffUfcfT 9 *-? 2* ©SEE** El 

fltter 6 C£ j-^y h «r S-I70A b'^^ft-^^cD-r vf 

t4 VME64V >#-7i-xtfc ll<£t(* C IEEE 10J4-J08T> V M E 4 > f - 7 
x-X«rRA4„ *Xh3>tf*-^d<- KW«(t«J^if 7 *-XSPARC/ 
CPU-2 Efci^H P 0000*^^7471 *&ti a *.-*r<n<f > ? -7 x-xitm 

If**-** < 'sVMV Pt3&ame}*v-7lZ&4&* 

ft, $t«U fcJ:W4)a^4J; ? i=-S-*/i*(ca5SJteD«^«*K^S!-* 5 

fc*lC#Ett(lil«^JE*3SfTLft.$ 5«> C<0#- KfcIZO x U0 RGB 



?3 3l¥7-507472 (10) 

f Set**?**. SfflMBPtf - KKJ^-atSlWtt-f >J>-7*-X 

* «4M4WS4<c -T 7 *-;Ui«X.ur*ttifcAffi<D=i 

#13*J3T 4CiCJ:»] ^7-^^<L^-5C±A<-e* 4 e ftHtCO** <AD 

««4-^*tici lit? L*vtx **S^^J:ntfH ftfcJ;tfiEcr>rtffi« 

^«Kt5MtffifltL, COtTttKJ:*tMf* <a) *B <Jp^<fctt»i<ft> ^ 

WSiJftffi&Wi: L, <b) *A*v&fcB*tt*LTW2©g»«fcltf*L, Cn 



trail (is Paa#a:nr-'> ! ^^fl>-5F-^tje«-r4 3t^-7'-f -r y ^ /u^ 

, ftS(*L(*Cl*if»*fJ:£/lfllKI=iftfr-***. jSt« UAi.«l* COW ilia JJDOltP 

^- KO*.T<O-aBitGP-l50*firifc(»!)ftl«l«K- K C ln/oraaligue el Technlqii 
es Avancces. lssy-les-«D0(Uc8ox, France ) Tf**, COOP -J50ft{=I^&*;ia. 

foJ:C<5i2 X512 X 8 fcT v (■ « T?cO«-* MM) J; 4 2 ZKS^fSiE t it R-f D 
» B * fc ti Iff JR ) ic it* - 5 ^ ffi J: 9 tt »4>t fefl J« flg k ^ A-f * c £ * & t;» 

rsn-r«ig LWA^pj^ty-i. *Rw*«oef!CC c D(*mje*ftfciE» 
«a:cD«sa^««[c j: ^riictt saw »«<D«?AfliPn=w i 



«r* 0 «3ri^piw^ra<ni*r«^a*«»oj!t»(tK:s^*i«, ^©a^ti 

t> 1= S ffr L ft « * Or **<0 PI W A |= J: 4 ft. #4 B * tftt U T ffl t » 4 c & *< T * « 

^ t s «m z Aft t » * iflitfjem * »n l m n m ©it« t & e t? * * . 

=r > h 7 * h K J;4*JBWft1tW««A-ttBifii*BIWnti,%t«fi|«LttU«l* 

Efe«(ii»rti»A{C3fi L3c^T*"3a-oftRl*jaiA*fc(±J&aRl*Jft*rt**fCJS 
T— > y <J - >. 7th7'J N P e , , B P x/<>x7*-*JJ:fft 
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i ? ^'ittJtKA-»TiEfltttH*f *tf«J«tattf>»flU*lT-5. 3 6K, 20 jam 2 

/ « * a t<o * *m © ft m w « a *o fc * . h a it as o /h * tt 1 1> it iar s c 

£A<-C£S* «IMatt£ *mffl Km* fcttTitZEL attire 

C2) lt«lftia«Ji LCfflitttlKii*. 

C3> tt««att£ti«ai«'.£&tt[a]«u 

< 4 ) flttt fin is i= j: -s fc#4 <o tj-M U m & *> . 

*3 t>£#jt»&r-»»^£tt6 0 tt'MiDS^sa^aittffiEffi^eitomT 

icit«U-CIE7ir«iiat:j;*)-tiai»lc? 

wtfc^&uJioT^sttfa^oatfflit&t* *<otejR#*t»<±.[;, a-oat*©* 



?$ft¥7-507472 (11) 
rt*c3g*icH«r*«&«ttiEi!rtttBK*ijstfiiti[aja«*c5fc«o«i&rw- 

* *£V1<= £ftlf* Ll»T A,**/, S1*©*««>J: 7 

^ ffi ft * £ BJ « ft -T 4 A'tt K li ft jfc© / « 9 ^ >r A k J: t ttjt IB * * 4 
C£d<S*ftS a a*»'**^<Att«*tfft*«tt*Mfc:*tf* Eoftjffo 

* * £ * J: y » A © (in q « $ a» 8) #«<OiR ft H J; Ot ^ * ^ y ^ ft 



i'*$K*nm$*i0>-ru v 7 <ofiH« c t I= j; ^-ctf ttft«flt«*» 

^ » n m « ^ '< * it ■< u iz «t o w *s t ««t ft * fc it an m m k nm-t * »k 
^ ic t± cfe« i= i n ««i t& ^ j% * ■* * £ 1 1 k m—w «« » ■ t-m ^ « w & 

M ttUt r 4 C £ 1= i -> T W&mtBL&ftM &*> f * Z t *<T » -6 . 

«st««^«i«a7 < jut ± LxfttozexizumtiLK.? < a,* tmi«. ^ojjs 



) »I7l/-AW, »2 7 W-i*MW*«HLT* 1 *Hj<tM»«» *2Wlfc 

n-t-niesKt. Cff) 51 2 OS^flt^iJf iJ(ii»iSJ>*Oit*£*C£(rj:0 

^tmir'4C£?cJ:- 3 Ti*fiKi-4c£*t-r* IFBki^. « 
IM &HtStt«E«it* u-^fii £ 

t*J ?E« *i -t CFttA ffittl «r ft ft f * * « 9Itt S 4a J; tf 7g * (±n U ISt JgO 

, TLWffitt©^^ ttA^-4«ft(fl»fltlC^Rtciijas-tf-£C£^-C* 4. fl**4*& 
««fittt*±l:*7 ^?*fflti4C£iCj:^TJf7* ffflctiCC 
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**»ffih«ftttt***I*-t?»llft*aA:«ft«)»*|!l!-3-x <Bffiat:itL> 

* fctlffcj;: 4, CTttflfl LftJ: "5 (=Sflffl L T (* .ft i£ 2 

ftfc«ir*««lc .fc S «H£ff4> C ft ffiJttB££ff|-7 y 

i£*#?E<fcti, ctveim«rt«Eiiiifti*wffi(tw'ftc*aiflEr*. 

* fc „ *Sfc 9J tt ttttfl-M + * » * -M* 4 ft te « ff © & Jt * -7 ~, 

»ifii=j:fti*. *'C.tt«iaA»*«sar*cttJE©«jtffi«*flrttitr**'frtt 



««¥7-507472 (12) 

Bfr&ffl»JtAa©ttffll::£ift**.*fti$£:a#fc$. tt-»T#.tfEl*KlfrM 
*®Ji7tt*^tttoaAA*ttKic«ttLTM*OGiltW»«tt1lt»«K** 
ft«K«>K3«#K£lEtf LftftX-Sur*. CQtoKMMIl*B912i!£4-J:CF 

ft**' <*>-e*>4. 4fi*<0Cft e,ttiltJ-4.(iiEt* ■SWtEOttffiT'ft. *t-f4E(lfl|fr 

r^*ifi* i-^cfft. c<Dt>r<j ^fc-At/tfcfiu^ft^irwd'T ?#sj>< 

4.4A^JftS?t4£>fiA<*i^bT*4o iOttWtcfcfttf, ftf4¥-Hf K#B<£ 
LTKfflA«*** So o^OMAt 

tta*fcv»t>©£tts. *»"jiicj:fttf s M#wss<Dr*3o?«ff«jKitajt©*rf-ca 
»c«i6a»tttii«t4, eft it. (fl«©i'roflna^isKttKt©@siT^>-r 

*« * * i^c m -r * n *4 w « e <o 4^ t * „ 

15 L 

Bfttttetail C*i5EBG, ECOC) flJte^ffftt «»■#-*. Bl*iJ;tf2li 



C/< + ;??«(t**t.HA, B, C. fcJ:^Dti*fte]Sjl*«ffl LTJE 
»*fcl±JSB*f-MinWtefi#A©iiEHwrt£:fc^ 

— ii<Z>ft <Sflt(±30Il 2-C»-»ftfcIZ8 7 U-A<->J|ifc;{ttJ: ORS*) ti 4 -5<0 
. 4 BBOWfltKffUStf UT(t 8 DtA<DtSK«ffll*«. — i*<0 3 - 6ffl«fct>f«* 

•Wfcwan«*«fcifc, s^t1fiffi^^l*i-:T/,*^^I><«»$ft^r <«ib*si-:J£ 

B I Aft 1 owrdttHIS (r ) 4, 2 ocd#iI(«1BS C* ) Cft^.ffii«^:t*»= 
ESiaiRO^^SftflE^Jft* 6 4 oOBJJr <4ft#TB/t/;«tt 1 . 2. 3fcJ: 
tfl) i^tf-TSiKiSiE»^9r©fliirfoAO£5t*^-ro J SK(iBttiStW«>e9 
0 n mTIRMj L Z. ~~ *lr ' * — li. J cmt^, 
0 1 B (312 i AC?jt^-4 *j«t^3 ©SMWWicfctt SBattHKUKe 

«<tflE <tsfiP) tro, ht-CiPi-,, sw«ic3tjt. e-*jtfttt*JtioH» 

ftfc 4 r3 0*i|»KJf (8mA) i|i«t.fiia^H«ifel*3i£ft-C 
• 4 tUfrZ iiTA.6'A.«B«* CJH#0-CA.fr//fc«LK;5^rj|gtt«»«)IBfiHr 



ra i cus i Atc^f 4 n t$ i *>,tc/ 4 ©srsjfifl«(i*ti?-5ta«fiitjHii0iti-c!-j 

ffiftflE C&tfO **/pk h LT^t*o 4 «ft I tt 2 oofljKQSH«£ffnttO 
«J*_fcK{fcML, 4ftM-4 li-fliBJbtCtaB + S. 4rtt*4(*3^ffiffcffl£t±4ft«kl 

cfTA,^^/re^«co7gjuiro?:a sict -sT»jfia4t:?ft-5. 4 wtt»4 rtojfeYbacu 

13 I Data 1 Atc^tr 4 1 is J:c^2 <03£nfl«*f=fc(* A *-fittlH«W«to 

Rftac (f»&> i7n 7 h c-x^-*-, cfte. 2-3<Dfls«*<avwcjafltuT:\.>*»c 

Cft^fflJfc^WaEittl 6 inAOBa«A|i««BlQ(g 3 oOJKStK 

rSI* «fc Offidfe ©Sit «■ * - 9 ■* * C t A<t? * * C £ 
* W T E IS $ ft £ X o> m B to te * Jlfttfo 7 - A <* a ^ /< - u * 4 
*"? V t - v > »7y*^ REVUE 3;yf^:J: 

^TPfRJESn, ao#f3*ftfc # ±T©e#(i^4#-WteJ:Cf»ftO!>1?«OW 

^feffltt^ff (Lanbda. Inc. ) *J W» Sftflo695 nmoy//<X7aH 
BB LA: A XT' «J 7 ^*a«f « 77^*-t7*t< viS'BBttJHBKXo 
-Ci^^lziSWLfc, B««WicBiESftfci'*7^-y^ lcj:*|-#mBH«Btea 
«#ft^CCDft>5 CCOH U65W0 ) liXO^ft:, ^J((i^9 X 7 - ^ ^ U 
- h*z i-s T$eJeftL/= 0 (*f±30H * THfT, 8t^> Cliatine TecJinoJojy I 
nc. Series J5I syslex. SToburn KA£/TK*£512 X480 B*> t?fx^/PffcLfc 
. £R^im*£r::smLTffitf©»fr*(->'J>»£««-*-5 (Bohlbere. --fs? 
^*'7 - fcT> I.B.B.B. Coapoter Socielr. losMa«ilos, CA, 1988 ), 

mtz. f <ffl-&, ^y^i^tLttiO (±t#ffii7)«W C3P^^t^04ftf* 

ri30X3oSQj|!T£ *i ISO -250 uni* ) Jt^-£{t*yt A * fctt tcm 



—12— 



mmw&t Lx&mLo. ooa -0.009 t Lfc. 

r & a, m *tt <o & ro sue ti ft# m \z » ^ n/c < - x ? ^ > # t « & k & * ft 

TX^A,ftfr*ttft) lfc,fc 9 t»i?;<051A# 2 (TA- 

^Kftffitf; Cn = titjaL^i&^fc. E 2 A lOUm* 3T7tt««m« 

ttil:;* ftfc»*IGl*Gn <TA,A*X,«itW«> *3i^U tt£l>t/=fltJRi*U]*fcli 
■/ El a Kiiffif© 2 -3e>BBtc*i3ft&M&tilfT 2 8 -profit 

AM fb<E>AS i^r k ~*r-/w<--r^-r. 

l£ 4 c mx 4 cm©J£5t«tfK« 

{fit^S 8 -P^ifiett SCS^fiESt^^^p 8&IHili'4 cm* 4 cm©&ft«D 

a g tc&vtr. je « ann to f flitter t*>yttiBi8Bw«*tt/ecD3tK*,0(=*(iLr 

fcm/SlbtfeHfc -fct/Bj-oca' s fflH££ f*JS L A:* 3oO K 
?T^(i^C3<t <32V I — A, 1») «*ft, 2fef*ei;E»^*, 5ffit(lK?T(±> «= 
a*fC 5-6 a<Ofcfci!K *^T40f**ICJS#A^^±M^ffifti1-5C<t*fi* 



ft ¥7-507472 (13) 
wniPiss. ^naatsk _t«n*jjsas* TW(±etBanra7*T**, *ai. bi. 

A Z J=r.fctf B 2« 2-3OTfflI?HiC4x^mRnoSi»A-C**, «A I fcitf D I © 

^fflh-Broca' s ffilt (3. 4 ) ti iaMJCB ( II. 12. 17, 5 - m&V}) «r«IB 
(HA 2 l± I o^SffittrK'rf^^S^^JKHmS^^aWffiiaitf 
«6„ *A 2ro£(H<0 2 r W-*'»r~/P><-{ifttA 2. A3. B2*J;t/B3(C 
Mift-r^*7-3- K<0«l?iW^^;ftS*mt- . «A 3 (i 1 oro-3rffittW?fttiic 

^ < >«Br'£Mf£T*C£li 1 -3<OSfiJfttt?f - Mffittft< J|(C|Si^ "5 3t 

«^5- (1 * J: D ^* ic tLt Z . 

t*-Clffl« rt/;««, «)^. KtA 1 te J; 1/ B 1 U v^«ia£0^««©gg{fclSC* 

■r h ttSt, SI 7 Ati 3-3<0S-ffi»KrT#He Tw?*t4 4 ftt* 1 . 2. 3 4s 

«t CF J f*l-C3ra^iCJpiSg<b3nfc(»A L -y h ttft. B 7 B <i 4 ft** 1 

-7,fe^c<i7r*5r^nn^ii 1 i 1 tt)ib#n^aiff4-. - i ^rKtfo 1 z.n 



(C u-i?- CAnc.KeuroO , SoaHr^fijJtj^Ko 

iI»JE!£5r«W?2i— (Colel»«lch et il.. 1. Neyrophysiol- 65: J 392, 1991 
) . «Jtt*i)*M>AtR3(l£&K«fit*S«!Cft«MR I tfiCffltS; tic J; 

*3MlfllM)tP<30^* T^X"t 5 CDeinve«u et il.. Science 254:716,1 
09i ) « 

vt-Y Ktaiii 0(C^5-f Ki:0D«s*O + -5 > Y\± 2 fef-CTi ICR fc. * 

ft scat t± * «ai l tt (,i ssjttt j= ^» r 2* 16 * i n»a OEf t z t w & 

l=:4iV»rf»a$nfc J BtRSBaift!lS'0«mii** (Pelcrson et al..Malore 331 
-•585. L90I &£cmilh ct si.. J, Keoroosycholof la, 29: 1137, 1991 ) „ Jt^3£ 

12 8 (±jtKL^A^SJ5J2M (Werniche's area > \Z RS^ffilttf tt«D Jt^ft 
3ft£:*I&tk) tLTiaSi/sn*- ffiJTr# 3 T-t±3 -o^Klft^icfcit * I -?<3 

>^»aE*-jn^ufc. x^agjT^^/usn 



0 9 (iffcrnicke's area <»!5ffiW) ti/iAO^ JCOT^W + 2 ^ ^ # 

13 2 

(±fl£tftCN SJtl« (SttWteHU I ) *Wf &ftfc t«>T*4 

T^fS^lcffi^a^J: t?tt^5ft« 0 L^L. C<D*<r ^S.Cf*K<OH«fi, 
ft © H Wmik * te «6 tz b JEltffl »3?'J -t * C i: ti H ft T *. 4 C i A< >D ^ ft 
H10D C**it> (iifen CI nis/ksC^yKi^Zi^/'J- » ffl 
»«ftAA^filS»Alc»ftft/Ett5Kfttfli-r. H1QC <£T> BftWaAo*^ 

3o^»«s^«*?pt-. tt**0«wm^/j<sff j ttttcDfe&ft&t^t-. a 1 0 D 

Ci&±) li. :©ffiKH*tfcuTs ft«i£A045^Klcfc(J*^rcr)ffi«l <E 

*mei&^**-mtt) iaioe n»(4r£AcD-^ife 

Ofi^fli^jSL. BlOPii5ftl4aA© 5 4>ft<Offi^«*i5i1- (CQfiftHiKTtt 
J J 7 5 yxtSt) . Cft^<0^- ^U. -f > K>r — ^^U - ^ttE 

«gaia«j:*?i*< fcettflKejai*?u:»AL. n^temd^ J: ^ tR&itffXT^ 
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Ant 4 C£A<Ti 

Cil±#tffo | MKHk^m 4 KiCfc fJrt^i&iHfc) ♦ hub c** 

(HIIC»IR) £Ri)*T** BltC (£T> 14, 30»ttctfV^"C» 

tt«*(iiE#fflitt^it^-r*L< fea<«< azz. hud <-6.l. 

&A<£>1#{*) RtfHJIE C*T, SfcttEt*A<oiO»*) AttttJKmWiUtt 

w <_ 



^^¥7-507472 (14) 
^ttiffi^^KlffltSfcA^i, HI2C C£T) i-tsma- a© i 

A*w«£5>«iiflij(ifflftt&c;E-«t*a(a(09f!^t^t-atte«D«*sr. 

W 5 

■5 *c CD©* y r 4 ^r^StzmT. CPUI^OttiR; C 

<W*.(fifr> TA^lf* ; (2 } <H1$ 0 l=ffiU) Ifl W © i ? (i 

->* *? Lrt:S.-C»^-*-* ; tfftiV? h->x7t^D/5/,tt, CCD*/ 
* <0 WS-^ M <0 — « |*K O i« t) TT * 4 * 

*ttttWaiBCt. tf*ffl***W«BTT*«lft + **T <BJBv mizr 
+ U Sr&.i*l&1tiki&<&m& 2 5 5 Ci5(KLT*i5*7) ff * 3 * £, 



6 

J: •? f= L/i#efr^osf^Gff5i«*f f ^&ffio5-a©i5tt^jp-r e tiaras 
T-'^tiWipi^aw^f ^-c*»3. »A©«A<w^n«3t^»«<o«jf4Brii*, iff) 

otnr7^5?n< ^^t-isr^sin^r*** niiMKittUio^^l&w. 

ft **"&tS h l l^i'>l£t««ir4i t tl=S*»*H0 — 160 ff<Z>30*> >-tf*^ 
^ffi«(iffIW5fffiIc«U4, S mm«fiHScfi*!*v<ii 3 mm, SE* 6< S mm*C* ^ 
IiclmmOfJULfc. tBfiti27y- i?»fc * 0 «A U £««30»«aA*f7 



. fflttta -^oJAV (50m R/k I p*A) * U'^V C160 m fi 

>fe^«*ffi»|lc|C^< ^«ffloaD££€-iSEL> *0«ffl«tt*4rff 

V>7^ilS$U D>^Z7^^ <E80 nm> 50**1110 
HU63000 ) 0«Efc«jft$n* a «fl>MttmaiBS7 k-Afcfflf cc^ 

i (] ») . e« ci#> Lfc. Mns£tttt4i£Ain^if, a^r- 
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w—mwtizmtR v. «»« < 4 - e «> -fe-j:u : fc]8oir£Aftw*o&* 

■fifcT-J-^t (AO. 1-0.7 Jfe*4iiA*r JtS b* -y-ltffc ttjgrcj-ft-ra 

*©©S'J<3H*©affIMt*flftfl3.Sx 11.7/am 1 T*-*fc. WlffiSfc 

v 4ftff 3 (iJiUtV»a±tcH C . H16Bti J mff/k *©-r > Kf r-=->$"J 

&€qc1-» ESTJGC*. J-tfETieD t±*^aA*-tften 4 #*JJ;tf30»ei9 
lfiO«^fr*i * Q E1CE fc^CftaiGF littr'M&Aift:* ti«ti 1 5 »« 

tf-? ft*K<blitfcl4»A3&'6 e»*iclfi*tfc*<, jEttte4U*Bft<4fttt-£* 



»R ¥7-507472 (IS) 

*JBIH*sJitfiE*ttlIifftAtft8»T t*-* L*-U 3 

30t**Ka=r*. JtltttaatilUK&ifflffl U6.4 + G. 8 X) £fc(±iE1*teti C9. 7 
±4.7 X) *.*> 4j*L < »tt«fi6»*ftflt U0.5±9.$ H> 

*ftf Slfltt*«)!ft»4»KfflWtt-C**. * 1ft ft a NT nai6A6^^fc 4 

©r-a-fcJtCFIS ] 6 ^ 60f=- ^ ****** tf*»*t*«»«H»*» &II 

t*-? #*1Mfc'bl*ifcttHsA«4 - 6 0T**»flA-*-4/Si6. JtftftSHJffl* fcf* 
jE«tt«ilfceLTJtt!Htt«tOJft169£ffctt«*L <3li|-e*ite. «*ffitt^£0 
»M*itt<0-lliBilHf«&ttiBi»<ttt(Bl3-xA UTS*-*-*. tttftlBJfto&J: 

i4E«>-3 t.©i3EC(oa-r(i. jE^'ifflmti Jt^ii*aiMa8A<K-x^ -c -^tc 

tfttft&Kffi t>!fcttifc&*A<SL<te;*Lft CAJuKtlHfH, £1*2.4 

5»gA(i9bft5;tT*& 4 ai8iittJfc£nfc»fttt#©ttftisia©ftW(aw 

4 fttt-i (iK«Mffi«aoft^ttttMi«»&ffi«J:l=«9^ 4fi#2fi 



8E ft O B1BD. E18C if *C/®l8D4i)t>«i*iife*4itAa 4 ^.30 
ft ^*Otft»ttAK00&(£j(IU/t-&ifi»t=*|trf» <&Tp<O.0I) . 
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!t (* W K II iE -C * *: • *- OB! tfi U« « IttlfllW R * A* mffi L A* -» A: 16 T? * * 

L-C.^L, ^5*7 * t*ffiJiE»- i±®l8AJ^^f^fc 4 flit* 2 r*?<Z>*&i«£ft<Z> ^ -f 



H A 7j r£ t ; i T * A r U fffl Jt t5 1 * IKJH (ft Bt T BS » « ffl rt t # HfK» 

ia gfttt tn fa * a»ij t w * c t * flt-i-o 

W T 

»JHK*ttTff -> ft* JKJfiSlLiS.aii^R^lf lb s in 6- j: f? 4>flHrcli«*-» fc 

'*5fcf4^*ft3 LKltfc. ft «n »H-mAftttlKRGt«M(4Mo«»»(D J; 
*? t»A* <t««Kr*Lfc. **1riA» 1 7) LXfkmiJEHSKISifr $ P y - > t U 

Bii4Ji*»w*mi»Tjfcia«M*wj: t*-^^* esua 

»MiS**ttBIttri-:£WKffiA*n. {iE^TCcotft(t«(DUe!}-£«-fi|r5i=Hi|{M 

w^ir^Aan^* 1 was Lt^ rt*m»t^^«*f±trim«35 

«*1tafl:liM*±lt-feJttfiE*'i*«*l:lcia:tt«-ti-fc4 ft W-f*36P^m7t^SC 

7o,h LTip-f . 7*57 -Waal*" llBH4A*-<& 4 ft# 2 PIOOBRitJjffifbtOr 

1113. I±3. 9 K-Cft*), iE1ff«K (7.8 ±2.3 JO t JfcK UT» L < -fc* l» (p 
<0.01) . jfef4i£AttG0&a;3Ly:&jftK(iMttffllS C40.5±9.6 ) 
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m 8_ 

2i\z?is- x^-;M-TSLr*4. C © ^ - * y - jUOMQ&g] l±A«A< 
M 9_ 

i»«I*»»4«>«l^*acXiSB-KfS*»«ft3>^Y-#- I y*Ct*K ««©MR 

. H 1 3 B lift«ffiAMO«»«*S-*-. (S 1 3 C t*»Klclfrf4«&A LT*fc 
l»*Oit§l»tttfliL, 0 1 3DI±WrM*ffiALX*-&5#«OttSIBtt*jR 

PI 1 0 

mi : s-*r >X©S*>«£Hffc, feltflic * 5 #M ft* ft tiH* ©«*« 
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B0««flK*7*OMen&A¥£ft«ttlE*«6 C £ L fee 
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fl-«*»fc # KJt* 6 9 0 nm©7fcT*fMf LT»2 S"->ryx©«a 

*©*5 1 0 nm^JfeTfWjHU-CSBS t--* >*©*#**»fc. c© 
ttft©AKIi* A«£»«J£©WK6 9 0 ± 1 0 nraOf#?-j /W.*X(i5 1 0 

ff*Lfc. MA*© EM nm«**ilCt4 5 1 0 n mAtlfctfcCfc. ^ 



<<£*K-34iTM^«fllAflE3rta<tt«, «-,t\ 6 9 InmiamK 
<cxu*-CflA L/i«T**?. 5 j o n mfltfiy m*T«A Lfcffex**K cc 
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-*<0+j^7^ *?«ifllt*C iKJL,r, &«©*< ©AttS flEfic^i © in ffl 

m L3 
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* include <sidie.h> 
*i«Judc <m«h.h> 
tfuKlude <ndGb.h> 
#inciud« <«mia.h> 
*iadudc <t«lSO,h> 
fKndudt <g7aph.h> 
*indudc <0o»x.h> 

Wefio*MEM_CHONK 20 
*4«fineQUTT -1 
Udc&De GO .2 

*dcfi»e RETURN |3 
*de£n* ESC 27 
"define CURSOR UP 72 
Mtgnc CURSORED OWN SO 
Wefine CURSOF.~RJGHT 77 
wJefine CURSOK'lEFT 7S 
Wdnc CUR50R_JUMP UP \4) 
«eift«i CURSOKlrtJMP~DOWN us 
Wcfiae CURSQR_/UMP~RiCHT 1 J6 
*dc£ne CURSOR_JUMP_LEJT 115 
xtrva duajbex{ 

ini height, width; 

J; 

rypedef iuuci daujao* dan_bo%; 
im bexjsount ■ 0; ~ 
tnl depth — 1 0; 
void Jitir_boK_werUy(vo!rfJ ; 

BYTE "r«n^o*d*u^diu_boK "nup_pir, int tW zh depths hoc buffer) 
<Uu_box # drt^b<»c«<yT)id); 

3YTE **diff_bo<diU_bDx "mapjir, BYTE "fol, BYTE "ibi, 

int bo<Em x_ofl; im y_off); 
floal wb_recu(d»u_box "nupjJtr. BYTE "difT reels, int tweh dcpih 

im ptr jrtae*); ~ ~ 

BYTE "*diS>ipCd±t«_box "nupjir.int ft), im ft>2, im *wcii depth): 
Hot* «an_«cu<<Ut*_bo X "nwpjw. BYTE —diff recti, im wch depth 

.int *v_fltg); "* ~ 

«i *min_boMet{daij_bo>c "m»p_pu-, floit *flo*t_prr, int »e**eb depth)- 
8ou '^_ rccU (d i u_box ' 'mi P _ptr, BYTE *"diff recu. im F^rch date. 

ail »v_CL*g); ~ ~ 

itUjrae **dcfirtc_boKiT«p(void) /- ceium* t pomicr t P mn amy of bc*« V 

inc i - 0. m«i>ox - WEM„CHUNK- /* dyn«mciJ(y aUoe«e mem ,n20-box -/ 
art oror_flig - 0. inehu: chunki. ■/ 

daiajbax *"gnjup__of_boxer; 
dri*_box "faoKjoHHer, 
int wxich - GO; 

(xwjwimtr- (dauJ>ox ')miJ!oc(majcbox-ii£co^d»H_btw}); 
tfl[bo*_paNilcr-" ■ NULL) ~~ 



prvrtfTViTROUELZ AT 7C\n*); 
Srocp_of_bcx*i - (dtttjbox ")nuUoc(ouxbQX*iii*o^dM»Jiox ')). 
tf (jp- ou p_a fjboxcj ■— NULL) 

ptiminnTROUBLE AT 7<\n*): /■ FLAG I !l! V 

<edse[ . _ . • 

while (*ztcfa t- QUIT)( • 
if^errorjkg — 0) { 

prinrfJ.'VflViType ESC w. dr*w>exet \nVi*>; 

tnchix — JwctvQ; 

iTfuich4r" , »0) 

if (ESC — bchw) { 
box_courrt ^ ]; 
tnif_bojt_overUy0; 
whiTeCwKch I- QUTT) ( 
iffi >«• mvebox) ( 

mubox MEM_CKUNK; 

^■oup_«rjbox« — (d*tt_box •*}fea)toc(sTO«p_of_bo)ecs, 

if (Sroup_eftaK« — HULL) 
printK"V»TROUBLE AT S l\n"):: /" FLAG J ! ! t V 

) 

jremp_6r_bo*t5[r++) - drawJxjxuO; 
pri^llX'Do you w«k to draw box number %d 7An*. 

(box_counL + 1 )); 
mchtf « jachQ; 
ytinchif— 0) 

if Cvwh*r — ESQ 
boi(_touni++; 

wsich — QUIT; 



} 



group_df_box«J — {d«i_box ■•)re*][<jc<sroup_of j boxa, 
{t)**tieotCd*IaJ»oJ( •)); 

jf (group of boxes — NULL) 
prim£t*\flTROUBLE AT 1 13\n"); 
} /' FLAG 3 \\\[ '/ 

i stumor o up jof_b« , 



.+:,?!(} I1ITEX 1S1 AD I sf-*<-K + + f'J y-< »>r 

* « k * » c* ? # v 9 *. 0! c > ? « «-#- c t k. * * . 



ini curs x « 335, curs_y - 220; 
daiajxix. *4raw j3oxes(void) 

int dcurs_x,dajr£_y; 
bt x,swt, y_run, xjength, yjtngth; 
int t«t_ch*r,le; ~ 
chir faox_numb«p]; 
dau_bojc 'boxjjoinccr; 

box_pojmer {diti_box •)nuJloc(sizea^dau box)); 
i/Cbox_jx}in£cr — T^ULX) ~ 
printif^nTKOUBLE AT U]\n H ); 
line(B2,0,cur4_x-4,ajr5 - j l curs_x+4,curs_jr, l ); 
Iinc(B 2,0.curs_x.oars_y-5. cu rs^x, curs_.y+5, 1 ); 
«diJuunode(DYNAMIC). 

x_siart « y_sun = xjength » y length « 0" 
while (l)f 

tcxi^chir— geichO. 

if (texi^char — RETURN) ( 
++k; 

dcur$_y^J; 
dcurs_x»0; 
iTCk— I) { 

Tt_rtarr »* curs_x; 

y_5tan = curs_y; 

iine<B 2.0, cur s.x-4, cu rs_y t curs_x+4, cunj^y.O); 
linc(B2.0,curs_x,curs _^-5,curs_x,curs_y+5,0}; 

if(k — 2) 
break; 

} 

elre if (teJrt_char = 0)[ 
t«t_char » gcichO; 
swi'lch(tcJCt_char) { 

c*se CURSQKJJP; 
dcurzjy—- 1 ; 
dcurs_x^3; 
breik; 

case CUKSOR_DO\W; 

dcurs_)f~0; 
brtalt; 
caw CUPLSOR_LEFT: 
dcurs_y iT 0; 

break; 



cue CURSOR JUGHT: 
dc«F5_y-0; 
dcure_x"I; 
bnuk; 

ct*e CURSOR,JU7v£P_U?: 
dcun_y ■ -7; 
dcurc_x - 0; 
break: 

Cisc CURSORJUMP.MWN: 
dcun_y» 7; 
dcurs x«0; 
break; 

case CURS OR_7UMP_LEFT : 
dcunj - 0; 
dcurs x - -7; 
break? 

case CURSOR_JUMP_RJGHT: 

dcurt_y - 0; 

dcun x « 7; 
■ breafe" 
deftult: 

dcurs_x - 0; 

dcun__y ™ 0; 

break; 

) 

die 

lexr^chw- -1; 

irc(ic=«0)&&(twct_cliar!--l)) { 

Jine<B2,0.cur5_x-4.ajrj_y,cyrs_x-H,wr(jy,0); 
»ne(B2,O,Curj_x 1 curs_y-5 I cun;^x,curs_y+5,0); 
curs_x^Tia»tfmjn<airs_x*dcurj_x,51 1).0); 
Oirs_y^mx(fmn(curs_y+dcuri_y.4 7?).0) ; 
line(B2.0,cur«_x-4.eurjjj' 1 c«ri_x-M,curi w y, ] ); 
lme(B2,0.curs_x,curt_)"-5 ,c«rj^x.cur3_y+J, 1); 

else if (k-- I) f 

Iioc(B2,0^nart,y - ,stiruc_ftan + xjength,y_jurt,0); 
line<B2,0.x_mn,y_si«n.x w srarLy_nin + yjer»gth,0); 
line<B2,0 t x_stan 1 y_5iart + y^lengtk,x_jLin ■+ 

x_length,y_nan + y_lengih.O); 
lirte<B2,0^c w «art ■*■ x_ten5ih,y_Ran,x i _tttn + 

xJengTh,y_nan + yjength.0); 
eurs i _x*max<min(cur5_^-dcurs_x,51 1 \0); 
ajrs_j?wmax(ratn{cufS_y+dcurs_y.479),0); 
x^length — cu«_x • 
y_)eogth ■ uirsjf - y_$tin; 

l)ne(B2.0 T x_jTirt,y_iurux_st»rt + xJtngth,y_£ULrul ); 
lin<B2,0^s_n*n,y_»urux_rt«rt.y_nirt + yjength,! ), 
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} 



finc(B2Ax.«an,y_iiirt + yjength.x_ittrt + 

x J CI 'Ph t y_(Urt + yjength, J ); 

x_lcngih,y_surt + yjength, I >; 
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} 

X_tt*rt - inifl(x_ttart,x_«*ri + xjength); 
y.rtart - min(j_sten,y2ten + yjength); 
x Jength - abi<xjength); 
yjength - abi(yjength); 
jCoj^bos_coum,box_auinher t RADIX 10); 
itf (xjength < td) D (yjength < 10} ) { 
if <xjength > yjength) 

t«rl(B2,Q,x_it*rt+)eJenBiW3-7,y_ i rt*rt- 1 5, 

HORIZONTAL. U .box number); 

ctse{ 

H^o*_eount < ] 0 ) 

"urt<B2,0,x_!ttrt-Il.y_ft»rt+y Jengtb/2-2, 
HORIZONTAL, l^box number J; 

else 

text[B2.0.)c_nin-ia^st«n4y length/2-2, 
HORIZONTAL, 1 . 1 ,box_mmibeT); 

} 

tilt 

te»{B2,a,x._stan+*Jengih/2-5,y start +y Jen gl h/2-2, 
"hoWZOT^TAL, l^box^micnbcr); 
box_poimer->i * i^wn; /• x coordinate *F 
box_poin(cfOy - y_ttin; /♦ y cqordiniie V 
box_j>oin(cr->hcigiht - yjength; /* vertieaf lengih •/ 
box_poin<er->widlh - xjength; /* horu i«ngtb "/ 

turs_x-H-20; f move crois-hair* to nearby location V 
curs_y+-20; 
ncmrn box jminter, 

void iratjbox_overlay(voicl) 

{ r Qe*r B2, set path ro Bl, owixy V 

fb_aeismailc(FRAM£B,0x00FF); /* Bl on B t 

*elect_patb(Bl); 

adiJigroup(et(RED); 

*di_clearlut(250); 

»rfiJigroupiei{GR£E'N); 

adLcie*rfm(0); 

*diJigjaupse!CBLUE); 

»di e)eirlui(Q); 

) 

void inii Jiex_sturT(votd) 



err ievel(2); 
initsyfO; 

i 

BYT£"*rtni_bcwd4ta(diti_box»"in«p_ptr,im jeardi depth, im fiviw buffer) ( 
irtl i j,k.x_«ttn,x_Bnd,xJenglh.y_mry_lengih; 
BYTE •*hn*ge_recu; 
uniigntd int count»0; 
unsigned int 1at*Mengrh«0; 
ielect_p«h<fT«ine_hnffer); 
fof<(-0;rcbox_coumxn-) 

tawJJwtgth ■+- (*map_ptr[ij). width + 2*swehjJepUi; 
image_rects - (BVTE •*Jnulloc(rouU - l*mgih*ii2eofrBrTE •)); 
if (imifit_rcas — NULL) 

for(i^;t<boi_count^H-)( 

* (•m»p_pii[i)).ic - scareh_depth; 
x_end - <*nwp jtrTOJ.x + *wcft_depth + (*i»ap_pir{TJ>.width; 
xjcngth - Cn«p_ptr[iJ).widih ■*- 2-sewxhjtiepth; 
y_$tan « («mip_ptrfi]).y - »earch_d«pUi; 
yjength - (*nup_ptr[ij).hei'ghi 2 , «aich_dep;K; 
for<f - x_siart J < x_end; { 

image_rects [count) - (BYTE *)tniJk>c(jizcofCBYTE)*yJen £ th); 
if <im»ge_r*cu[coun) J NULL) 
prtmfr*\nSCREWUP 420\a*); 
fb_Tvib«(B] j.y.fttn.yjaigth.inijgr^reasf count]); 
count-*-*-; 

) 

1 

• renjm(insig« recti); 
) 

BYTE •*dtfrjwx«*t*jKW ••mipjpir, BYTE *"fb_ptrl, BYTE ••fb_ptr2, 
kit box_rtumber.im xjoft. mi y_off)( 
unsigned im x Jen grh, yjtngth. 
italic unsigned im count 1 -O.coun t2 O; 
im y; 

ittiic im old number; 
BYTE "box; 
xjength - (•m*p_prrfboK_numbcr3).widTh; 
yjength - Cmapjmtbox^rajmbcrj). height; 
if (box^number — 0) 
old^iunnber ■ 0; 
if (aid_humbcr l«box_number){ 
court I +■ x Jcngth; 
eoowJ +» xjcngth + 2 'depth; 
ofd number « box number; 



box - (BYTE *")mailce{jjicofrBYTE ")"xjength); 



i£P>ox — NULL) 

prinrfnnScrewed ■! line 3-4] \n"); 
MiKtf«:xJeflgth;i++}{ 

boxp] - fBYTE ")mil]oc(;sixco(rBYTE)-y length); 
if (boxli) — NULL) 

prmliTViiScrewed aj 362\n'); 
for(j-0;r<yJenBtli^-+) 

boxfOOf- (BYTEK *bt((iniXft Jtrlp+eoiiml3[j)) - 

(imKfb_ptrl(i+x_off+wunl2][j+7_ofrj) ) ); 

retum(box); 

} 

BYTE ••*dL8r^mjp(d»u_box ■•nup_ptr,u]t fb(, int ft>2, int search_depth)( 
BYTE ""diffjecu.dmjxjx, "*fbl_ptr. **Ib2j»tr, 
int count" 0; 
int 

unsigned im *ite, toi»I_W2e » box^count^^ietrch.depih + I)' 
(2 , i**rch i> _depth + I); 

»** - 2"»earcb_deptK + I; 

difT_rect» - (BYTE *")m»Hoc($izeoiCBYTE •*) , total we); 
if(dhY_recw — NULL) 

pnntfl["\nScrtwtd at 379\n"J; 
fbl_ptr - r*m_boKdua(m»p_ptr,0,fbl); 
fbl_ptr » fam_box4aiatnup_pir,»e«reh_d«ptKn)2); 
for(f-0;f<bojt_count;(+-*-) 
for(j -Cj<»izcj+-t-) 

for(k-0*<sizc;ic^)( 

difr_recti{ count) - di£T_box(m»pjCr,fb) ^ptr^fbX j>tr,ij,k); 
COUM++; 

) 

reofm<difT reels); 

1 

float 'sum_rccu^daUi_box **mmp_ptr, BYTE "*diff_recu, im iearch_depih. 

int ivJ3agj{ 
unsigned irtl ijXliniCoum-O, 
float ti*c - {2*$earch_depth + 1); 

float wt*J_sixe * (2**card]_depth + l)*(2*M*rth_dcpth + IJ'berjcoyin; 
float "*u*n_ptr; 

5ajm_ptr - {floit *)eaiioc((untigned mt)totaJ_iiic 1 ii*eof[floBO>: 
if (Han jrf r — NULL) 

pnmfCViSCR£WUP AT 537\n*); 
forO^^box.coynt;!-*-!-) 
for 0-0 j<$iza j++> 
for(Je-<l;k<sirc;k-H-){ 

for(iM)^ < (*map_ptr[i]) .width: 1++) 
for(m-f);m < {•map_ptrpl).b*i8hi;m++) 

wmj)tr[ count] +- diff_rec«tcomji]{]]JniJ; 
tfttvjlag — ON) 

mmjirlcountj ■ aim_ptr[coiini]/ 



((•map_ptr[ij).w»dih ' ("m«Rjrtrfi))Jieight); 

count++; 

\ 

retum(«jm_jnr); 

i 

float *v»r_rect*(dau_box "nupjnr, BYTE '•'difT rect*. int warch depth, 

int av_flxg)( " 
unsigned int ^kXm.count-0; 
float tize- (2'searchjiepih + I); 

noMX toui_fiw - C2*search_depih + l)*(2*Kirch_deprh + I}»box count; 
float * vvjjtr/ avjur; ~ 
avjxtr - ium,rte^iTi«pj>tr,difr_recu,te*rch_deptn,av flag); 

wjitr - (float *)caJk>c(CunJigiwd ir«)tora)_sixc,su5eofl:fioat)>; 
oTvtrjrtr^NUlX) 

printfi;-\nTrouWe at ^77\n^; 
forCi-0;r<tiox_count;i++) 
ft>r(j"0j<sizej++) 
for()c-0;k<size;k++){ 

forO-OJ < (-map jrtr[i]).width; M-+) 
Mm-O^n < (■map_ptrfij).h<igiit 1 iir*-f ) 

varjrtf{wunT] +- {(fioatXdirr_rcct s [coom)nKm]) 
- »vj^count])-{(floatKdiff_re«i(count)ri][tn3) 
* ■v_ptr{count]); 

count-*-*-; 

J 

fre^avjKr); 
r«um(var_ptf); 

im •rran_boxset(data_box •'mapjtr, float 'floatjMr.im se*rdi_depth) [ 
anrigned int i j.box Jump; 
Qoar metric.jnin rwetrie- FLT_MAX.poiriioiiK); 
int*hift[3]; 
divj div_rcsuli; 

box Jump - (2-search_dBpth + I)'(2*search_depth + I); 
fanTH)y<boxJujnp;i++) { 
metric •• 0; 

for0-O^<aox_coun(J++) 

metric +- fla»t_ptrO* box Jump + i]; 
ifTmetric < min_metric)( 

Trtm_rrtctnc m metric; 

position ■ i; 

i 

J 

drv^rejuli - div((int)pontionXtntX2'»eareh_depth+ 1)); 

fhift[0] ■ (int)pothion; 

ihifttl] • depth - div_r»autt.quoi; 

Jhiftpj - depth - div_rc$ylt.rcm; 

retumCshift); 
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id matnfVoid) 
( 

BYTE "••mock_point«r, 

chirinuge[12V, 

datajbox **rrup_pouUef; 

int **tats_jjtr,i; 

float *5um_ptr3; 

(fit *tr«»3; 

mhjtex_snjfl0; 

_cleaiKrcen( J3CLEAK-SCREEN }; 
fc *etl«tposition{ 10, 10); 
seiect_j»ih(BI); 
_outtexi(TJASE Inuge : *); 
scanf[*V«5\ image); 
im_re*d(B 1,0,0,3 12.480,tmage); 
5cOcxtpo«licm( 15. 10); 
jc]ect_paih(ALOW); 
_outt«tCkn*Se to translate : "); 
KanffAs', image); 
im_readCALOW.0,0 t J 1^480.image); 
_*etrextposition(20,20); 
_OUttext(*Scuch depth: "); 
scanfl;*%d",&depih); 
selcci_path(B 1 ); 
map_pouit<r *» dfcfirwJxjxmapOi 

sum_jrtr3 ■ vax_recu(n«pjoin!er t mock_ponnef,<iepth T ON); 

trara3 - min_lKJicstt(map_pointer,»m_ptrJ,tJepih); 

printfC\n VARIANCE : po* - %d, xjtrans - %d, y trans - V.dUi", 

trani3t0).tr«ns3n),t™ns3[2]); 
free<iiwckj3oinier) ; 
free(sum_pir3); 
frec<trwis3); 
return 0; J 
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[57] ABSTRACT 

The present invention provides a method for imaging 
margins, grade and dimensions of solid tumor tissue 
located in an area of interest, comprising Uluminating 
the area of interest with high intensity, emr (electro- 
magnetic radiation) containing the wavelength of emr 
absorbed by a dye, obtaining a video signal of the area 
of interest as an averaged control image and processing 
the averaged control image into the averaged control 
frame, administering the dye by bolus injection into a 
vein circulating to the area of interest, obtaining a series 
of video images of the area of interest over time as 
subsequent images and processing each subsequent 
image as a subsequent frame, comparing each subse- 
quent frame with the processed averaged control frame 
to obtain a series of difference images, and comparing 
each difference image for initial evidence of changed 
absorption within the area of interest which is the out- 
line of solid tumor tissue, whereby tumor tissue is char- 
acterized by faster absorption of emr as a result of in- 
creased vascularity of solid tumor tissue and inability to 
clear the dye as fast as normal tissue. 

9 Claims, 9 Drawing Sheets 
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extent of resection, the length of functional, good qual- 

SOLID TUMOR, CORTICAL FUNCTION, AND ity survival is also increased. 
NERVE TISSUE IMAGING METHODS AND Most current tumor imaging techniques are per- 

DEVICE formed before surgery to provide information about 

5 tumor location. Presurgery imaging methods include 

CROSS-REFERENCE TO RELATED magnetic resonance imaging (MRI) and computerized 

APPLICATION tomography (CT). In the operating room, only intraop- 

This application is a continuation-in-part of U.S. pa- f r f tive mtrasound *f* stereotaxic systems can provide 

tent application No. 07/565,454, filed Aug. 10, 1990, "formation about the location of tumors. Ultrasound 

now U.S. Pat No 5 215 095 10 shows location of the tumor from i the surface but does 

' ' not provide information to the surgeon once surgery 

TECHNICAL FIELD OF THE INVENTION begins to prevent distraction of important functional 

The present invention provides a method for real- tissue 0 wMe P ermittin S maximal removal of tumor tis- 

time detection of solid tumor tissue, plus an ability to „ ? ua Stereotaxic systems coupled with advanced imag- 

grade and characterize tumor tissue. The present inven- 15 f 18 ": chnl( J ues have ( at few hospitals) been able to 

tion further provides a method for real-time mapping of ^a^c lmnor margms based upon the preoperative CT 

functional and dysfunctional cerebral cortex and ner- ° r m However studles 1990 > have 

vous tissue, the present invention further provides a sh ° wn * at *e actual tumor extends 2-3 cm beyond 

device for real-time detection and optical imaging for on where the miage enhanced putative tumor is located on 

the inventive methods. 20 P *?° per f v * l™/?' ^^re, the current reh- 

able method to determine the location of tumors is by 

BACKGROUND OF THE INVENTION sending biopsies during surgery (i.e., multiple histologi- 

A 1 r i-i • A , cal margin sampling) and waiting for results of micro- 

A primary goal of neurological surgery is the com- „ • & . £ e ' j? M ' . . . 

i * i r i A i-i *i^ 1.-1 scopic exarmnation of frozen sections. Not only is it not 

plete removal of abnormal or pathological tissue while ~ n + ~ *• n * i u i j • 1. 

. i *tt~ 25 advisable to continually take breaks during surgery* but 

sparing normal areas. Hence, the neurosurgeon at- 0 , ™ rt+ u ♦ + - + - UUL 

. . , j ■ r -li. i ■ i j sucn biopsies are, at best, an estimation technique and 

tempts to identify boundaries of pathological or dys- w;/*+~ r j • 

\* * , * J , A j • , 6 r - j 7 are subject to sampling errors and incorrect readings as 

functional tissue and to map adjacent areas of the cortex ™„„ a :Li + v„ + - +i , + -f ul 

•j, j j. ■ ^ T i- !_ , compared to permanent tissue sections that are available 

committed to important functions such as language, . about Qne week ^ Th a n Qften ^ 

motor and sensory areas so that pathological/dysfunc- 30 m estimation techni „ a f de when tient ^ 

tional tissue is removed without removing functional come fc dependent ^ aggre Wve removal of 

ar ^ as '. , „ . . . . . , . tissue. Surgeons have difficult decisions between ag- 

Incidence rates for prmiary intracranial brain tumors gressively removing ^ and des troying surrounding 

Z^l^ C3Se ^ Per n Pactional tissue and may not know the «£l outcome of 

or about 18,000 cases per year (Berens et al 1990). Ap- 35 their pr0C edure until one week later and this may re- 

proxunately one half of bram tumors are mahgnant. The quire an additiona] surgical procedure, 
incidence of mahgnant bram tumors m adults is predom- Multiple margin samp i mg suffers seve ral 

uiantly m the age range of 40-55 years while the mci- draw backs. First this is a time-consuming procedure as 

dence of more benign tumors peaks near 35 years of age. it can add about 30 to 90 minutes (depending upon the 

A primary means for treatment of such tumors is surgi- 40 number of samples taken) to a surgical procedure when 

cal removal. Many studies have shown that when more the patient is under anesthesia. Second, this procedure is 

of the total amount of tumor tissue is removed, the prone t0 errors ^ a pathologist must prepare and evalu- 

better the clinical outcome. For gross total resections of ate samples in short order. Third, it is certainly the case 

tumors, the 5-year survival rate is doubled when com- that ma rgin sampling does not truly evaluate all regions 

pared to subtotal resection. Both duration of survival 45 surrounding a primary tumor as some areas of residual 

and independent status of the patient are prolonged tumor can be missed due to sampling error. Fourth, 

when the extent of resection is maximized in mahgnant increased time for margin sampling is expensive as oper- 
gliomas. 

ating room time costs are high and this leads to in- 

Of the 500,000 patients projected to die of systemic creased overall medical costs. Moreover, increased 

cancer per year in the United States, approximately 50 operating room time for the patient increases the proba- 

25%, or over 125,000 can be expected to have intracra- bility of infection. 

nial metastasis. The primary focus for surgery in this other techniques developed to improve visual imag- 

group is in those patients with single lesions who do not ing of solid tumor masses during surgery include deter- 

have widespread or progressive cancer. This group mining the shape of visible luminescence spectra from 

represents about 20-25% of patients with metastases 55 normal and cancerpus tissue. According to U.S. Pat. 

(30,000), however, the actual number of patients that No. 4,930,516, in cancerpus tissue there is a shift to blue 

are good candidates for surgery is slightly smaller. Of with different luminescent intensity peaks as compared 

those patients undergoing surgery, one half will have to normal tissue. This method involves exciting tissue 

local recurrence of their tumor at the site of operation, with a beam of ultraviolet (UV) light and comparing 

while the other half will develop a tumor elsewhere. 60 visible native luminescence emitted from the tissue with 

The fact that about 50% of the surgeries fail at the site a historical control from the same tissue type. Such a 

of operation means that an improved ability to remove procedure is fraught with difficulties because a real 

as much tumor as possible by detecting and localizing time, spatial map of the tumor location is not provided 

tumor margins during tumor removal could potentially for the use of a surgeon. Moreover, the use of UV light 

decrease the incidence of local recurrence. 65 for an excitation wavelength can cause photodynamic 

Thus, for both primary and metasiatic tumors, the changes to normal cells, is dangerous for use in an oper- 

more tumor tissue removed, the better the outcome and ating room, and penetrates only superficially into tissue 

the longer the survival. Further, by maximizing the and requires quartz optical components instead of glass. 
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Therefore, there is a need in the art for a more com- cells. The spatial resolution achieved by these tech- 

prehensive and faster technique and a device for assist- niques is near the single cell level. Blasdel and Salama 

ing such a technique to localize for solid tumor loca- {Nature 321:579, 1986) used a voltage-sensitive dye 

tions and map precise tumor margins in a real-time (merocyanine oxazolone) to map cortical function in a 

mode during surgery. Such a device and method should 5 monkey model. The use of these kinds of dyes would 

be further useful for inexpensive evaluation of any solid pose too great a risk for use in humans in view of their 

tumor (e.g., breast mammography) by a noninvasive toxicity. Further, such dyes are bleached by light and 

procedure and capable of grading and characterizing must be infused frequently. 

the tumors. Recently, measurement of intrinsic signals have been 
A type of neurosurgical procedure which also exem- 10 shown to provide similar spatial resolution as voltage- 
plifies these principles is the surgical treatment of in- sensitive dye imaging. Intrinsic signals are light reflect- 
tractable ,epilepsy (that is, epilepsy which cannot be ing changes in cortical tissue partially caused by 
controlled with medications). Presently, electroenceph- changes in neuronal activity \ Unlike other techniques 
alography (EEG) and electrocorticography (ECoG) used for imaging neuronal activity, imaging intrinsic 
techniques are used prior to and during surgery for the 15 signals does not require using dyes (which are often too 
purposes of identifying areas of abnormal brain activity, toxic for clinical use) or radioactive labels. For exam- 
such as epileptic foci. These measurements provide a pie, Grinvald et al. {Nature 324:361, 1986) measured 
direct measurement of the brain's electrical activity. intrinsic changes in optical properties of cortical tissue 
Intraoperative EEG techniques involve placing an by reflection measurements of tissue in. response to elec- 
array of electrodes upon the surface of the cortex. This 20 trical or metabolic activity. Light of wavelength 500 to 
is done in an attempt to localize abnormal cortical activ- 700 nm may also be reflected differently between active 
ity of epileptic seizure discharge. Although EEG tech- and quiescent tissue due, to increased blood flow into 
niques are of widespread use, hazards and limitations regions of higher neuronal activity. Another aspect 
are associated with these techniques. The size of the which may contribute to intrinsic signals is a change in 
electrode surface and the distance between electrodes in 25 the ratio of oxyhemoglobin to deoxyhemoglobin. 
an EEG array are large with respect to the size of brain Ts'o et al. {Science 249:417, 1990) used a charge-cou- 
cells (e.g., neurons) with epileptic foci. Thus, current pled device (CCD) camera to detect intrinsic signals in 
techniques provide poor spatial resolution (approxi- a monkey model. However, this technique would not be 
mately 1.0 cm) of the areas of abnormal cortical activ- practical in a clinical environment because imaging was 
ity. Further, EEG techniques do not provide a map of 30 achieved by implanting a stainless steel optical chamber 
normal cortical function in response to external stimuli in the skull and in order to achieve sufficient signal to 
(such as being able to identify a cortical area dedicated noise ratios, Ts'o et al. had to average images over 
to speech, motor or sensory functions by recording periods of time greater than 30 minutes per image. By 
electrical activity while the patient speaks). A modifica- comparison to all other known techniques for localizing 
tion of this technique, called cortical evoked potentials, 35 cortical function, imaging intrinsic signals is a relatively 
can provide some functional cortical mapping. How- non-invasive technique. 

ever, the cortical evoked potential technique suffers Mechanisms responsible for intrinsic signals are not 

from the same spatial resolution problems as the EEG well understood, possible sources of intrinsic signals 

technique. include dilatation of small blood vessels, increased scat- 

The most common method of intraoperative Iocaliza- 40 tering of light from neuronal activity-dependent release 

tion of cortical function in epilepsy and tumor surgery is of potassium, or from swelling of neurons and/or glial 

direct electrical stimulation of the cortical surface with cells. 

a stimulating electrode. Using this technique, the sur- None of the experimental procedures provide a feasi- 

geon attempts to evoke either an observed motor re- ble and safe technique for real-time optical functional 

sponse from specific parts of the body, or in the case of 45 imaging of cortical activity in a surgical setting to accu- 

an awake, patient, to generate specific sensations or rately and precisely identify pathological/dysfunctional 

cause an interruption in the patient's speech output. cortical areas during surgical procedures. Therefore, 

Again, this technique suffers from the same problems as there is a need in the art for a procedure and apparatus 

the EEG technique because it offers only crude spatial for real-time optical imaging of cortical tissue which 

localization of function. 50 can precisely and quickly distinguish normal and abnor- 

Possible consequences of the inaccuracies of all these mal cortical tissue. There is also a need in the art for 

techniques, when employed for identifying the portion developing a method that can image intrinsic signals 

of the cortex responsible for epileptic seizures in a pa- with high spatial resolution, provide immediate images 

tient, are either a greater than necessary amount of and be compatible with normal procedures in the oper- 

cortical tissue is removed possibly leaving the patient 55 ating room. This invention was made, in part, in an 

with a deficit in function, or that not enough tissue is effort to satisfy this need, 
removed leaving the patient uncured by the surgery. 

Despite these inadequacies, such techniques have been SUMMARY OF THE INVENTION 
deemed acceptable treatment for intractable epilepsy. The inventive method and device can be used to 
The same principles apply to tumor surgeries, however, 60 identify, grade and characterize solid tumors by imag- 
intraoperative functional mapping is not performed ing changes in electromagnetic absorption which re- 
routinely. fleets dynamics of dye perfusion through tissue. Fur- 
In the past few years, researchers have been using ther, the inventive method and device can be used to 
imaging techniques in animal models to identify func- identify areas of neuronal activity during neurosurgical 
tional areas of cortex with high spatial resolution. One 65 procedures. In particular, this invention can be used by 
type of such technique uses a voltage-sensitive dye. A a neurosurgeon intraoperatively to identify areas in the 
voltage-sensitive dye is one whose optical properties brain dedicated to important functions such as vision, 
change during changes in electrical activity of neuronal movement, sensation, memory and language. Further 
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the present inventive method and device can be used to of damage and a region adjacent of the suspected site of 
detect areas of abnormal cortical activity, such as epi- damage; (b) obtaining a series of frames of the area of 
leptic foci. Lastly, the present invention can be used to interest and processing the series of frames into an aver- 
identify individual nerves during neurosurgical proce- aged control image; (c) Stimulating the peripheral or 
dures for tumor removal or anastamoses of severed 5 cranial nerve at a site adjacent of the suspected dam- 
nerves, aged s ite; (d) obtaining a series of subsequent frames at 

The present invention provides an apparatus for im- the time of stimulation and processing the series of sub- 
aging tumor tissue or for real-time surgical imaging of sequent frames into a subsequent averaged image; and 
cortical^ intrinsic signals or visualizing margins of solid (e) obtaining a difference image by subtracting the aver- 
tumor tissue, comprising, a means for obtaining a series 10 aged control image from the subsequent averaged 
of analog video signals, and a means for processing the image to visualize the active region of the peripheral or 
analog video signals into either an averaged control cranial nerve, whereby nerve blockage is visualized as 
image or a subsequent averaged image, a means for the point along the nerve where the intrinsic signal from 
acquiring and analyzing a plurality of subsequent im- the stimulated nerve abruptly ends, or is altered, attenu- 
ages and averaged control images to provide a differ- 15 ated or dirninished in the difference image, 
ence image, wherein the difference image is processed The present invention further includes a method for 
to account for movement and noise and to amplify the imaging tumor tissue surrounding or adjacent to nerve 
changes across a dynamic range of the apparatus, and a tissue to aid in selective resection of tumor tissue with- 
means for displaying the difference image alone or su- out destroying nerve tissue, comprising: (a) illuminating 
perimposed over an analog video image. 20 an area of interest with high intensity emr containing 

The present invention further provides a method for wavelength of emr absorbed by a dye; (b) obtaining a 

imaging tumor margins and dimensions of solid tumor series of frames of the area of interest and processing the 

tissue located in an area of interest, comprising illumi- series of frames into an averaged control image; (c) 

nating the area of interest with spatially even, intensive stimulating the nerve; (d) obtaining a series of subse- 

and non fluctuating light containing a wavelength of 25 quent nerve frames and processing the subsequent series 

electromagnetic radiation (emr) (e.g., light) absorbed by of nerve frames into a subsequent nerve averaged im- 

a dye, obtaining a video signal of the area of interest as age; (e) obtaining a nerve difference image by subtract- 

a series of frames and processing the the series of frames ing the nerve averaged control image from the nerve 

into an averaged control image, administering the dye subsequent averaged image to visualize the active 

by bolus injection into vasculature circulating to the 30 nerve; (f) administering a dye into an artery feeding the 

area of interest, obtaining a subsequent series of frames area of interest; (g) obtaining a series of tumor subse- 

of the area of interest over time and processing the quent frames and processing the tumor subsequent se- 

subsequent series of frames into a subsequent averaged ries of frames into a tumor subsequent averaged image; 

image, comparing each subsequent averaged image and (h) obtaining a tumor difference image by subtract- 

with the averaged control image to obtain a series of 35 ing the; tumor averaged control image from the tumor 

difference images, and comparing each difference subsequent averaged image to create a tumor difference 

image for initial evidence of changed absorption within image that is capable of visualizing the tumor. Further, 

the area of interest which is the outline of solid tumor the tumor difference image and the nerve difference 

tissue, whereby tumor tissue is characterized by differ- image can be superimposed upon each other to simulta- 

ent kinetics of dye uptake compared to normal tissue 40 neously visualize the relative locations of tumor tissue 

and a temporally changed pattern of altered absorption and nervous tissue. 

of light as a result of increased vascularity of solid The present invention further comprises a method for 

tumor tissue. A preferred dye is indocyanine green enhancing sensitivity and contrast of the images ob- 

which has a broad absorption wavelength range and a tained from tumor tissue or intrinsic signal difference 

peak absorption in the range of 730 nm to 840 nm. 45 images, comprising: (a) Muminating an area of interest 

The present invention further comprises a method in with a plurality of wavelengths of emr, wherein there is 
real-time for optically imaging functional areas of inter- at least a first wavelength of emr and a second wave- 
est of the cortex in a patient comprising Uluminating the length of emr; (b) obtaining a sequence of frames corre- 
area of interest with high intensity emr containing near- sponding to each wavelength of emr, wherein a first 
infrared wavelengths of emr, obtaining a series of 50 sequence of frames is from the first wavelength of emr, 
frames of the area of interest and processing the series of the second sequence of frames is from the second wave- 
frames into an averaged control image, administering a length of emr and so on; (c) processing the first se- 
stimulus paradigm to the patient to stimulate an intrinsic quence of frames into a first averaged control image, the 
signal, obtaining a series of subsequent frames of the second sequence of frames into a second averaged con- 
area of interest over time and processing the subsequent 55 trol image and so on; (d) stimulating for intrinsic signals 
series of frames into a subsequent averaged image, com- or adniinistering a dye for tumor tissue imaging; (e) 
paring each subsequent averaged image with the aver- obtaining a first series of subsequent frames using' the 
aged control image to obtain a series of difference im- first wavelength of emr, a second series of subsequent 
ages, and comparing each difference image for initial frames using the second wavelength of emr, and so on, 
evidence of an intrinsic signal within the area of inter- 60 and processing the first, second and so on subsequent 
est, whereby an intrinsic signal is characterized by a series of frames into the first, second and so on subse- 
change in emr reflectance properties manifest as a signal quent averaged images, respectively; (f) obtaining a first 
in the difference image. difference image by subtracting the first averaged con- 

The present invention further includes a method for trol image from the first subsequent averaged image and 
imaging damage to a peripheral or cranial nerves com- 65 a second difference image by subtracting the second 
prising: (a) illuminating an area of interest with high averaged control image from the second subsequent 
intensity emr, wherein the area of interest comprises the averaged image, and so on; and (g) obtaining an en- 
peripheral nerve of interest including the suspected site hanced difference image by ratioing the first difference 
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image to the second difference image. Preferably, the naming comparing control image (2B2) to the optical 

monochromatic emr sources to illuminate the area of changes during naming (2B3) are shown. Circles on the 

interest are from laser sources. This technique is useful time line (2D) represent when the control image (B2, 

for obtaining three dimensional information of the area open circle) and naming image (B3, closed circle) were 

of interest. 5 obtained. The maximum optical changes during naming 

BRIEF DESCRIPTION OF THE DRAWINGS f 6 ta the P remotor ™ d not » the area activated 

by tongue movement without speech. . 

The file of this patent application contains at least one FIG. 2C shows the average percentage difference 

drawing executed in color. Copies of the is patent with change from each of four areas with positive responses 

color drawings will be provided by the Patent and 10 to cortical stimulation mapping. The changes in the four 

Trademark Office upon request and payment of the areas were repeatable and the largest change in the 

accessary fee. positive direction was from the palate sensory cortex 

FIG. 1, A2 illustrates a view of a human cortex just (site #1). FIG. 2D shows the percentage difference 

anterior to face-motor cortex with one recording (R) changes from sites labeled in FIG. 2B1 and shows sig- 

and two stimulating electrodes, (s), and three sites (#1, 15 nificant increases in the premotor cortex (sites #5, #6, 

#2, #3) where average percent changes were deter- and #7). Significant optical changes in the opposite 

mined. The scale bar equals 1 cm. Averages of 128 direction occurred in the sensory cortex (site #1) and at 

images (4/sec) were acquired at 30 Hz and stored site #3. The premotor region also showed temporal 

(1/sec). After acquiring 3-6 averaged control images (5 differences in activation., with the center area (site #6) 

sec/image), a bipolar cortical stimulation evoked epi- 20 increasing first and the regions above site #7 and below 

leptifonn afterdischarge activity. site #5 increasing later. 

FIG. 1, A2 shows the percentage difference image FIG. 3A shows an image of a cortical surface from a 

representing baseline activity between two controls patient labeled for anterior (a), Sylvan fissure (si), supe- 

before stimulation. rior temporal gyrus (STG) and middle temporal gyrus 

FIG. 1, A3 represents an image (4 sec average, 128 25 (MTG). After the optical imaging, all cortical tissue to 

frames) obtained immediately after stimulation (4 sec, 6 the left of the thick line was surgically removed. Sites 

mA). This stimulation was followed by the shortest of #1 and #2 were identified as essential for speech (e.g., 

the four afterdischarge episodes (bottom left trace of cortical stimulation blocked ability of subject to name 

FIG. IB). The black cortical areas surrounding the objects). At site #3, one naming error in 3 stimulation 

cator areas represent regions where the optical changes 30 trials was found. As the surgical removal reached the 

are below baseline. area labeled by the asterisks on the thick line, the pa- 

FIG. 1, A4 represents an image (4 sec average, 128 tient's language deteriorated. All other unlabeled sites 

frames) obtained immediately after stimulation #4 (4 (FIG. 3A) had no errors while naming slides during 

sec, 8 mA). This stimulation elicited the longest of the cortical stimulation. 

four afterdischarge episodes (bottom right trace of FIG. 35 FIG. 3B shows an overlay of a difference image on 

IB), the cortical analog image showing optical changes dur- 

FIG. 2 shows anterior-left, posterior-right, superior- ing naming (filled circle in FIG. 3C shows when image 

top, and Sylvan fissure-bottom images of a human brain. was collected). The magnitude of optical change is 

Asterisks on the cortical surface serve as reference represented on the pseudocolor scale. The majority of 

points between 2A1 and 2B1. The scale bar is again 40 the optical changes were in the region of essential and 

equal to 1 cm. In A 1, the numbered boxes represent secondary language sites, but not in the more anterior 

sites where cortical stimulation evoked palate tingling cortex. Anteriorly, the optical changes were restricted 

(1), tongue tingling (2), speech arrest-Broca's areas (3,4) to blood vessels. 

and no response (11, 12, 17). During three trials, an The average percentage changes from two sites con- 
image was averaged (1 sec, 32 frames) and stored (1 sec) 45 sidered essential for language (sites #1 and #2) and 
every 2 sec at rest, during 40 sec of tongue movement, secondary sites (#3, #4, and #5) are shown in FIG. 3C. 
and during recovery. The closed arrowhead shows All five sites show optical changes compared to six 
when tongue movement began and open arrowheads more anterior sites that were not critical for language 
when the movement stopped. function. FIG. 3D shows the average percentage 
In FIG. 2, A2 a percentage difference image was 50 changes from the six unlabeled boxes in FIG. 3A. There 
taken from two cortical images before tongue move- were no significant increases or decreases at these more 
ment. Open circle on the time line in FIG. 2C shows the anterior sites. 

times at which the averaged control images were taken. FIG. 4 shows a series of images from a patient having 

The image shows some noise about the baseline at rest. a low grade CNS tumor (astrocytoma, grade T). In FIG. 

The magnitude of optical change for all images of FIG. 55 4A (upper left) the letters overlay the tumor as found by 

2 is represented by the pseudocolor scale. ultrasound, however tumors of this type and grade are 

FIG. 2, A3 shows the percentage difference image notoriously difficult- to distinguish from normal tissue 

during tongue movement. The filled circle on time line once removal of the tumor begins. FIG. 4B (middle left) 

FIG. 2C shows when this image was taken. shows a difference image taken about 15 sec after dye 

FIG. 2, Bl shows the cortical surface from the same 60 administration (indocyanine green 1 ug/kg). FIG. 4C 

patient as is shown in all images of FIG. 2 with the (lower left) shows the difference image about 30 sec 

image moved anteriorly to incorporate more of the after dye administration. The area of tumor tissue shows 

premotor cortex (asterisks at the same sites in Al-2 and the first tissue staining. In this low grade tumor, all 

Bl-2). In other premotor sites (#5, #6, #7), no change tissue (normal and abnormal) shows staining at 45 sec 

in language was found during cortical stimulation. The 65 after dye administration as shown in FIG. 4D. FIG. IE 

patient viewed blank slides (control) and then named (middle right) is one minute after dye administration 

slides of objects which were presented every 2 seconds and FIG. 4F (lower right) is five rninutes after dye 

(2B2, 2B3). The percentage difference images during administration showing complete dye clearance in this 



low grade tumor. These data show that tumor tissue 
takes up dye faster. Therefore, it is possible to image 
even low grade tumors by the inventive apparatus. 

FIG. 5 shows a series of images from the cortex of a 
patient with a malignant CNS tumor (glioblastoma; 5 
astrocytoma, Grade IV). FIG. 5A (upper left) shows 
the visual image of this malignant brain tumor which 
was most malignant in the center and to the right (as 
was shown by pathology slides available one week after 
surgery) but was not malignant to the left. FIG. 5B 10 
(middle left) is the difference image at 15 sec after dye 
injection showing tissue looking like a low grade tumor 
surrounded by normal tissue. However at 30 sec (FIG. 
5C, lower left), the normal tissue to the left is slightly 
more visible but malignant tissue is even more intense. 15 
After one minute (FIG. 5D, upper right) the initial 
intense staining in tumor tissue is maintained, and even 
remains at 10 minutes after dye in FIG. 5E (lower 
right). Therefore, it is possible to not only image the 
location of tumor tissue, but to also grade the tumor 20 
with more malignant tumors retaining dye for a longer 
period of time than a lower grade tumor. 

FIG. 6 is a series of images and difference images of 
an area , of interest where a tumor was resected and 
biopsies were taken for multiple histological margin 25 
sampling. The area of interest was thought to be free of 
tumor during the procedure. Normally, in this size of a 
resection margin, only a single frozen sample would be 
taken for pathology analysis. In this case, while the 
surgeon was waiting for a pathology report based upon 30 
frozen sections (standard procedure), the images shown 
in FIG. 6 were obtained. FIG. 6A (upper left) is an 
analog image of the area of interest and FIG. 6B (upper 
right) shows the area of interest with histological mark- 
ers. FIG. 6C (lower left) shows the post dye difference 35 
image taken at one minute and at 10 minutes (FIG. €D, 
lower right). Both post dye difference images show a 
number of positive sites. This procedure is described in 
Example 4. 

AT) 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention provides an apparatus for im- 
aging neuronal intrinsic signals . in real time and for 
determining the presence, size, margins, dimensions, 45 
and grade of a solid tumor mass using a dye. The pres- 
ent invention further provides a method for functional 
mapping of the cortex in a patient by mapping intrinsic 
signals in real time, a method for determining the pres- 
ence, size, location, and grade of solid tumor tissue in 50 
real time without the sampling errors of biopsies or the 
delay of and possible misdiagnosis of the pathologist's 
frozen section analysis, and a method for imaging nerve 
tissue that may be physically damaged or surrounded by 
and adjacent to tumor cells. The inventive methods 55 
employ a similar apparatus, comprising a series of com- 
ponents, including video input hardware and dedicated 
image processing hardware. The video input hardware 
is, for example, a photo-detector, such as a CCD 
(charge coupled device) camera (preferably a COHU 60 
6510 CCD Monochrome Camera with a COHU 6500 
electronic control box made by COHU Electronics San 
Diego, Calif.). In some cameras the analog signal is 
digitized 8-bits deep on an ADI board (analog-to^digital 
board). The dedicated image processing hardware is 65 
generally a "host computer". The host computer is any 
common general computer (such as an IBM PC type or 
Sun SPARC) that is interfaced with imaging hardware 
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and sends commands to the imaging hardware that 
direct data flow, computations, image acquisition and 
the like. Thus, the host computer directs the actions of 
the imaging hardware and provides the user interface. 

Definitions 

The following are definitions of commonly used 
terms and that are applied in this application according 
to their art-accepted usage, such as described in Inoue, 
Video Microscopy Plenum Press, New York, 1989. 

Area of Interest is that area of tissue that comprises 
the subject of the image. 

Arithmetic Logic Unit (ALU) is the hardware com- 
ponent that performs a variety of mathematical and 
logic operations (e.g., sum, difference, exclusive or, 
multiply by a constant, etc.) on the image signal at ex- 
tremely high speeds. 

Averaged Control Image is that updateable image 
that is the average of a series of real time images over a 
period of time. 

Charge Coupled Device (CCD) is a photo-sensitive 
silicon chip used in place of a pickup tube in miniature 
video cameras. 

Difference Image is the manipulated image created 
by adding or subtracting a subsequent image or a partic- 
ular image in time from an averaged control image. 

Frame is a single digitized array of single video pic- 
tures. 

Frame Buffer is a piece of hardware that serves as a 
temporary storage of a frame, such as an averaged con- 
trol image, a subsequent image or a difference image. 

Geometric Transformation (Gonzalez and Wintz, 
Digital Image Processing, Addison-Wesley Publishing 
Co., Reading, 1987) generally modify spatial relation- 
ships between pixels in an image. For this reason, geo- 
metric transformations are often called "rubber sheet 
transformations" because they can be viewed as the 
process of "printing" an image on a sheet of rubber and 
stretching this sheet according to a predefined set of 
rules. As applied to video imaging, subsequent images 
can be viewed as having been distorted due to move- 
ment and it is desirable to "warp" these images so that 
they are similar to the control images. Geometric trans- 
formations are distinguished from "point transforma- 
tions" in that point transformations modify a pixel's 
value in an image based solely upon that pixel's value 
and/or location and no other pixel values are involved 
in the transformation. 

Image is a frame or composition of frames that have 
been altered after digitization, such as processing a 
sequence of frames into an averaged control image or a 
subsequent averaged image. 

Intrinsic Signal means a detectable change in reflec- 
tance properties of neuronal tissue due to endogenous 
physiologic activity. Possible causes of intrinsic signals 
include, for example, membrane depolarization; glial 
cell swelling, ion flux across neuronal membranes, 
blood volume changes, blood oxygenation (hemoglobin 
to oxyhemoglobin), tissue oxygenation and combina- 
tions thereof. 

Linear Histogram Stretch is a transformation in 
which the values between two points (high, low) are 
reinappeal to cover a full range of values (i.e., dynamic 
range). For example, the low value is mapped to zero, 
the high to 255, and the intermediate values are mapped 
to linearly increasing brightness values. All brightness 
values below the low value are set to zero and all 
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brightness values above the high value are set to the visible analog camera. IR detectors are made from ma- 
high value. terials such as indium arsenide, germanlure and mer- 

Look Up Table (LUT) is a piece of hardware that cury cadmium telluride rather than silicon. IR detectors 

functions to store memory that directs conversion of the must be cryogenically cooled in order that they be 

gray value of each pixel into another gray value or 5 sensitive to small changes in temperature. For example, 

color that is specified by the LUT. The LUT can be one IR imaging system is an IRC-64 infrared camera 

programmed to manipulate image contrast, threshold an (Cincinnati Electronics, Mason Ohio), 

image, apply pseudocolor and the like (such as a conve- As heat reaches the surface of the cortex, it emits 

nient implementation method for point processing algo- electromagnetic radiation in the range of about 3-5 or 

rithms). In the case of the present invention, the LUTs 10 8-14 microns. Others have attempted to image this 

are, preferably, implemented for speed on an ADI and- emitted radiation (see, for example, Gorbach et al., 

/or ALU boards. "Infrared Mapping of the Cerebral Cortex" Thermogram 

Paradigms cause a change in electrical activity of an phy 3:108, 1989). However, according to the present 

area of cortical tissue dedicated to a specific function invention these emitted wavelengths are filtered out and 

(e.g., speech, language, vision, etc.) thus causing an 15 an IR detector instead of a CCD detector is used. An IR 

increase or decrease in what is called an intrinsic signal. emr source is, for example, a Tunable IR Diode Laser 

Pixel is the individual units of image in each frame of from Laser Photonics, Orlando, Fla. The imaged wave- 
the digitized -signal. The intensity of each pixel is lin- lengths are different from body heat and images of 
early proportional to the intensity of Ulumination before changes in absorption and emr scattering can be ob- 
signal manipulation and corresponds to the amount of 20 tained according to the inventive method. In the case of 
emr (photons) being reflected from a particular area of tumor images through intact skin and possibly bone, a 
tissue corresponding to a particular pixel. It should be dye that absorbs in the IR can be used (e.g., mdocyanine 
noted that an image pixel is the smallest unit of a digital green). Other useful dyes include, for example, Photo- 
image and its output intensity can be any value. A CCD frin® derived from a hematoporphyrin derivative 
pixel is the smallest detecting element on a CCD chip 25 (HPD) and absorbs light at 630 nm, mono espatyl chlo- 
and its analog output is linearly proportional to the rin-3 6 (NPee, Nippon Petrochemical, Japan), benzopor- 
number of photons it has detected. phyrin derivative (BPD, Quadra Logic Vancouver 

Processed Difference Image is the raw difference BC), and combinations thereof, 

image that has been processed or manipulated to filter Preferably, the emr source, is a high intensity, broad 

out noise or movement and increase the dynamics of 30 spectrum emr source, such as a tungsten-halogen lamp 

effect of different pixel values to illustrate events in the and a cutoff filter for all wavelengths below 695 nm: 

area of interest. Most preferably, the emr source is directed to the area 

Tumor Margin is the area where the surgeon has of interest by a fiber optic means. An example of such a 

resected the tumor. emr source is a fiber optic emr passing through a beam 

a t 35 splitter, controlled by a D.C. regulated power supply 

™ (Lambda, Inc.) and passed through a 695 nm longpass 

The inventive apparatus is made as one unit or a filter, 

group of components. The first component is a high The inventive apparatus includes a means for obtain- 

intensity emr source. The emr source is for illuminating ing an analog video signal of the cortex or area of inter- 

the cortical surface or area of interest, such as an area 40 est. A preferred device for obtaining an analog video 

suspected of having solid tumor tissue. Different intrin- signal is a charge coupled device (CCD) video camera 

sic signals can be illuminated by different wavelengths which creates an output video signal at 30 Hz having, 

of emr. Moreover, the emr source must include the for example, 512 horizontal lines per frame using stan- 

wavelengths of emr absorbed by the dye for the tumor dard RS 170 convention. One such device is a CCD-72 

imaging method. For example, when the dye is indocya- 45 Solid State Camera (Dage-MTI Inc., Michigan City 

nine green, preferred wavelengths are from about 730 Ind.) and another such device is a COHU 6500 (COHU, 

nm to about 840 nm. For other dyes, the preferred San Diego Calif.). 

wavelengths of illuminating emr should include wave- The area of interest must be evenly illuminated to 

lengths at which the dye absorbs. The term emr instead better adjust the signal over a full dynamic range. If 

of light is used because it is also possible to image in the 50 there is uneven illumination in the area of interest, it will 

infrared region of the spectrum outside of the visible limit the dynamic range. Preferably: a high intensity and 

light range. diffuse or even lighting system is used. Techniques to 

When determining intrinsic signals from the cortex, obtain even illumination over the area of interest in- 
reflected emr can be filtered to allow for video imaging elude, for example, diffuse lighting, image processing 
of only selected wavelengths of emr. Preferred selected 55 algorithms to compensate for uneven illumination on a 
wavelengths of emr include, for example, from about digitized image, a constant shade gray image marker 
500 nm to about 900 nm, or most preferably, the near point in the area of interest as a control point, a wave- 
infrared spectrum. Generally, longer wavelengths (e.g., length cutoff filter in front of the camera and/or emr 
approximately 800 nm) measure deeper cortical activ- source, or combinations thereof. Preferably, a regulated 
ity* 60 power supply will prevent fluctuations in emr sources. 

Moreover, that part of the infrared spectrum in an A footplate system is an optical glass (sterile) contacting 

invisible range of between 0.75 to about 1000 microme- and covering the area of interest to provide a flatter 

ters allows for a determination of intrinsic signals contour. The footplate also retards tissue movement, 

through dura and skull, thereby allowing for a determi- The analog signal must first be adjusted to maximize 

nation of intrinsic signals through intact skull and dura 65 sensitivity of detection (at the level of the analog signal 

and without the risks associated with neurosurgery. and before digitizing) to amplify the signal and spread 

When using this range of far infrared wavelengths, an the signal across the full possible dynamic range, 

IR detector is a different device than a CCD chip for a thereby increasing sensitivity of the apparatus. 60 Hz 
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noise (such as from A.C. power lines) is filtered out in Preferably, the signal processing means includes a 
the camera control box by an analog filter. Such adjust- programmable look-up table (e.g., CMI50-LUTI6, Im- 
ments further serve to enhance, amplify and condition aging Technology, Woburn Mass.) initialized with val- 
ine analog signal from the CCD. One means for prop- ues for converting gray coded pixel values, representa- 
erly adjusting the input analog signal is to digitize this 5 tive of a black and white image, to color coded values 
signal at video speed (30 Hz), and view the area of based upon the intensity of each gray coded value. This 
interest as a digitized image that is converted back to provides image enhancement via an image stretch. An 
analog, image stretch is a technique whereby the highest and 
It is important to compensate for small movements of lowest pixel intensity values used to represent each of 
tissue or the patient during the imaging process. Larger 10 the pixels in a digital image frame are determined over 
patient-movements require a new orientation of the a region of the image frame which is to be stretched, 
camera and obtaining a new averaged control image. Stretching a selected region over a larger range of val- 
Compensating for movement can be done by mechani- ues permits, for example, easier identification and re- 
cal or computational means or both. Mechanical means moval of relatively high, spurious values due to noise 
include, for example, placing a footplate over the area 15 (e.g., glare). 

of interest wherein the footplate comprises sterilized Each image received is stored in the frame buffer, 
optical quality glass in a framing device, and/or secur- preferably within the context of a CPU as a frame of 
big the camera and possibly the emr source to the skele- data elements represented, for example, as a 512 by 512 
tal frame of the patient, and combinations of both. array of pixels. Each pixel has a 8 bit value correspond- 
When the camera and/or emr source are attached to the 20 ing to one of 256 levels of gray, 
skeletal structure of the patient, any patient movements The processing means further includes a plurality of 
will not effect the image because the camera and illumi- frame buffers having frame storage areas for storing 
nation source will remain in a constant orientation to frames of digitized image data received from the A/D 
the area of interest. The advantage of the footplate is interface. The frame storage area comprises at least one 
that it retards tissue movement caused by arterial pres- 25 megabyte of memory space, and preferably at least 8 
sure and/or respiration and prevents changes due to megabytes of storage space. An additional 16-bit frame 
evaporation of cerebrospinal fluid. Computational storage area is preferred as an accumulator for storing 
means include, for example, using functional control processed image frames having pixel intensities repre- 
points in the area of interest and triangulation-type algo- sented by more than 8-bits. The frame buffers are tem- 
rithms to compensate for movements of these control or 30 porary fast memory. The processing means should in- 
tie points, and "image warping" techniques whereby elude at least three frame buffers. One is for storing the 
each subsequent image is registered geometrically to the averaged control image, another is for storing the subse- 
averaged control image to compensate for movement, quent image and a third is for storing a difference image 
and combinations of both techniques. The image warp- between the averaged control image and the subsequent 
ing technique is described in, for example, Wolberg, 35 image. 

"Digital Image Warping" IEEE Computer Society The processing means further includes an arithmetic 

Press, Los Alimitos, Calif. 1990. The image warping logic unit (ALU) (e.g., ALU- 150 Pipeline Processor) 

technique can further indicate when movement has for performing arithmetical (add, subtract, etc.) and 

become too great for the averaged control image and logical (and, or, etc.) functions from data located in one 

that a new averaged control image must be taken. Con- 40 or more frame buffers. An ALU is a fast processor. The 

trol points can be placed directly in the area of interest, ALLY allows for image averaging in real time. For 

such as directly on the cortical surface for intrinsic example, a newly incoming digitized image can be sent 

signal analysis. For example, Goshtasby ("Piecewise directly to the ALU and is added or subtracted to an 

Linear Mapping Functions for Image Registration" in averaged control image sitting in a frame buffer by 

Pattern Recognition vol. 19 pp 459-66, 1986) describes a 45 passing both images through an ALU and adding them, 

method whereby an image is divided into triangular After a last image is added, this 16 bit result can be sent 

regions using control points. A separate geometrical again through an ALU which will divide this result by 

transformation is applied to each triangular region to a constant (i.e., the total number of images). The output 

spatially register each control point to a corresponding from the ALU is either stored in a frame buffer, sent for 

triangular region in a control image. 50 more processing, or used as its own input and again 

The analog video signal is continuously fed into a combined with another image, 

means for processing the signal. One such means for It is important to compensate for patient movement in 

acquiring and analyzing data is an image analyzer (e.g., the digitized images before subtracting such images. 

Series 151 Image Processor, Imaging Technologies, Thus, geometric transformations are applied to the im- 

Inc. Woburn Mass.). An image analyzer can receive and 55 ages so that they are geometrically registered prior to 

digitize an analog video signal with an analog to digital subtraction. 

interface and perform such a function at a frame speed The inventive apparatus can enhance processing 
of about l/30th of a second (e.g., 30 Hz or "video speed to create a difference frame by adding a real time 
speed"). Processing the signal involves first digitizing modular processor or faster CPU chip to the image 
the signal into a series of pixels or small squares assigned 60 processor. For example, one real time modular proces- 
a value (in a binary system) dependent upon the number sor is a 150 RTMP-150 Real Time Modular Processor 
of photons (i.e., quantity of emr) being reflected off (Imaging Technology, Woburn Mass.). 
tissue from the part of the area of interest assigned to The processing means further may include a means 
that pixel. For example, in a standard 512x512 image for performing a histogram stretch of the difference 
from a current technology CCD, there would be 65 frames (e.g., Histogram/Feature Extractor HF 15 1-I-V 
262,144 pixels per image. In an 8 bit system, each pixel module, Imaging Technology, Woburn Mass.) to en- 
is represented by 8 bits. One can cool the CCD to re- hance each difference image across its dynamic range, 
duce thermal noise. A linear histogram stretch is described in, for example, 



